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T. Y. Lin in their paper, “Prestressed Concrete 
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On the Cover—Pennsylvania Avenue Bridge over the 
Canadian River, Oklahoma City. Precast, prestressed 
girders carry two 28-ft traffic lanes, a 4-ft median, and 
two 5-ft sidewalks; over-all length, 760 ft. Precast 16-in. 
piles with cast-in-place bents form the substructure. 

Girders, 144 of them, were precast by Thomas Concrete 
Pipe Co., subsidiary of American-Marietta Co., Okla- 
homa City, and trucked 8 miles to the site. Time to cast 
and erect the girders was 3 months. Contractor was 
Boecking Construction Co.; engineers were Hudgins, 
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City. Owner is Oklahoma County. 
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Title No. 56-19 


Ultimate Loads and Deflections 
from Limit Design of Continuous 
Structural Concrete 


By G. C. ERNST and A. R. RIVELAND 


Ultimate loads and deflections permissible in individual members of a 
continuous concrete structure are dependent on the moment distributions. 
One of the methods used to determine this distribution is the limit desigr 
or plastic analysis. This paper gives a brief presentation of the pertinent 
features of the plastic theory. It defines essential terms and describes the 
static, kinematic, and uniqueness theorems which are used in conjunction 
with the analysis. It also discusses three methods used in determining 
moment distribution and gives accompanying examples and equations. 


This is followed by comparisons of concentrated plastic rotations and 
deflections for certain specific cases. 


@ Insorar as ACI 318-56 1s CONCERNED, it is assumed that the theory of 
elastic frames will be used in the calculation of bending moments for the ulti- 
mate design of the members of a continuous beam or frame. It is stated that 
with the specified load factors, stresses under service loads will remain within 
safe limits. This procedure is a form of limit design in which the distribution 
of moments is determined by an elastic analysis based on assumed flexural 
stiffnesses for the members. On the other hand, the customary procedure in 
limit design is to use the distribution of moments from a plastic analysis.' 


A given loading and load factors will produce a structure of the same ulti- 
mate load capacity by either of the above design methods. This is true because 
all redundancies are fully developed for both cases, in the first by approxi- 
mately simultaneous attainment of the ultimate strength at all critical sections 
and in the second by plastic yielding of all redundant moments until the last 
critical section has been developed to its full ultimate strength. As a matter 
of fact, the ultimate load in each case is attained by the utilization of the plastic 
properties of the steel and the concrete, but to different degrees. In general, 
the required concentrated plastic rotations and the ultimate deflections will 
not be the same for equal ultimate loads. 


273 
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G. C. ERNST, professor of civil engineering and director of the engineering 
experiment station, University of Nebraska, Lincoln, first became interested 
in limit design in 1929. In 1940 he conducted research on the limit design 
of reinforced concrete frames. He has written several papers on the 
subject. Professor Ernst is a long-time ACI member and currently active 
on Committee 115, Research, and chairman of Committee 338, Torsion. 


A. R. RIVELAND is assistant professor of civil engineering, University 
Nebraska, Lincoln. Prior to joining the Nebraska faculty, he worked for 
a consulting engineer in North Dakota. Professor Riveland, who joined 
the Institute in 1956, has engaged in concrete research on ultimate strength 
in addition to teaching. Currently he is working on research irto the 
required concentrated plastic angle changes for continuous reinforced 
concrete structures. 











In view of these considerations, a brief presentation of the pertinent features 
of plastic theory is followed by comparisons of the concentrated plastic rota- 
tions and deflections for certain specific cases. 


PLASTIC THEORY 

Definitions 

A plastic resisting moment (M,) remains constant during the development of an infinitely 
large curvature at its section (Fig. 1). 

Plastic collapse is that condition of a structure for which deflections increase without change 
in the magnitude of a prescribed external loading 

A collapse mechanism is a linkage of portions of a structure for which increases in deflections 
may occur without change in the magnitude of a prescribed external load 

A statically admissible distribulion of bending moments within a structure satisfies all the 
requirements for static equilibrium for a prescribed set of loads. 

A safe distribution of bending moments does not exceed the plastic resisting moment anywhere 
in the structure 


Theorems 

Static Theorem—The prescribed external loading will be equal to or less than the collapse 
loading when the distribution of bending moments throughout the structure is both safe and 
statically admissible. This also has been named the Lower Bound Theorem. 

Kinematic Theorem—The prescribed external loading will be equal to or greater than the 
collapse load if calculated on the basis of an assumed collapse mechanism. This also has been 
named the Upper Bound Theorem. It follows that for all possible mechanisms, the lowest 
magnitude of the prescribed loading will be the collapse load. 

Uniqueness Theorem—A prescribed loading will be equal to the collapse load for any safe and 
statically admissible distribution of bending moments in which the plastic resisting moment 
is developed at enough cross sections to cause collapse of the structure as a mechanism. This 
theorem is obtained by combining the static and kinematic theorems. 

Proofs for the above theorems are available in current technical literature.! 


Adaptation to reinforced concrete 
If the moment-curvature relationship is that illustrated in Fig. 2 for rein- 
forced concrete, there is no truly plastic resisting moment as defined above, 
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MOMENT 
MOMENT 




















CURVATURE CURVATURE 


Fig. 1—Resisting moment versus curva- Fig. 2—Resisting moment versus curva- 
ture. Plastic resisting moment = Mp ture for reinforced concrete. No truly 
plastic resisting moment 


nor can there be a true condition of plastic collapse. Nevertheless, it has been 
demonstrated experimentally?:*:* that at the ultimate strength values (7) of 
ACI 318-56 sufficient plastic curvature will have developed to produce a re- 
distribution of moments in continuous beams and single-bay one-story rigid 
frames comparable to that developed from the moment-curvature relationship 
of Fig. 1, at least for steel ratios of less than about 0.03. Therefore, the 
Uniqueness Theorem may be restated for reinforced concrete design as follows, 
assuming that a “‘safe” distribution of bending moments does not exceed the 
ultimate moment anywhere in the structure: 


A prescribed loading will be equal to the ultimate load for any safe and statically admis- 
sible distribution of bending moments in which the ultimate moment is developed at 
enough sections to convert the structure into a collapse mechanism. 


Inasmuch as the steel in reinforced concrete can be varied to fit as closely 
as practicable any statically admissible distribution of bending moments, it is 
possible to design quite simply by use of the Uniqueness Theorem. The rec- 
ommendation in ACI 318-56 to calculate moments by elastic theory and then 
design the sections at ultimate strength for these moments corresponds to the 
theorem with the restriction that the distribution of moments must be elasti- 
cally determined from an assumption of dimensions or relative stiffnesses of 
members, but such a restriction is not essential. A statically admissible dis- 
tribution of bending moments is the only basic requirement for design by this 
theorem, and various methods of determining such distributions are presented 
and briefly illustrated below. 


Statically admissible bending moment distributions 

Funicular Polygon Method—The force and funicular polygons for a pre- 
scribed set of loads circumscribe the limits for static equilibrium and the selec- 
tion of the closing ray(s) within these limits will define the conditions of sup- 
port. Because the intercept between the rays at any point of a funicular 
polygon is proportional to the sum of the moments of all the forces to the left 


(or right) of the point, such a polygon will represent a statically admissible 
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Fig. 3—Funicular polygon method 





a la CANTILEVER 
. FRED LEFT END 
?~ FREE RIGHT END 


distribution of bending moments to some scale. Various applications to a 
beam of span length L are illustrated on Fig. 3. For example: 


In Fig. 3(b): 


“e Yp = R, bf = Mx 
p = pole distance of force polygon 


In Fig. 3(c): 


nf. 


Equilibrium Equation Method—The static equations of equilibrium may be 
used to express relationships between the prescribed loads and critical mo- 
ments, so a statically admissible distribution of internal moments is attained. 
Referring to Fig. 4, applications of equilibrium equations are demonstrated for 
the same cases (b) to (e), inclusive, of Fig. 3. The equations relating the loads 
and moments are: 





In Fig. 4(b): 


In Fig. 4(c): 


Eliminating Re: 


In Fig. 4(e): 


Eliminating Rp: 
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“C= =a Dm. 
I) M,, e) 


Fig. 4—Equilibrium equation method Fig. 5—Virtual displacement method 


Virtual Displacement Method—The principle of virtual displacements gener- 
ally is a more convenient method for obtaining the same relationships expressed 
by the equilibrium equation method. The principle of virtual displacements 
states that 

If a force system in equilibrium is subjected to an extremely small virtual displace- 
ment, consistent with its constraints, the total work done by the force system will be zero. 


Cases (b) to (e), inclusive, from Fig. 3 are solved with Fig. 5 by this prin- 
ciple. 


In Fig. 5(b): 
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Internal work = 2x M,@e 


In Fig. 5(c): 


In Fig. 5(d): 


In Fig. 5(e): 


1, ae 
~ M, 


It may be noted that only the internal moments at the critical sections and 


the external loads do work for a properly selected virtual displacement. There- 
fore, it is not necessary to sketch the component parts of the structure sepa- 
rately, but only to show the mechanism being considered. 
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Superposition—Statically admissible moment diagrams may be superposed 
on one another for their corresponding load and reaction combinations. If the 
ultimate moment is developed (but not exceeded anywhere) at enough sections 
by the resulting statically admissible diagram to convert the structure into a 
collapse mechanism, the combined loadings will be the collapse load. Further- 
more, for design the steel content may be varied such that the ultimate mo- 
ment is developed at enough sections to produce a collapse mechanism for any 
statically admissible moment diagram obtained by superposition, and the 
combined loadings will be the collapse load. 

Elastic Compatibility—It is significant that for any statically admissible 
distribution of bending moments there will exist a structure for which an 
analysis by the theory of elastic frames would yield that particular distribution 
of moments. For such cases, elastic compatibility would be retained essentially 
up to the ultimate load. 


Simple rigid frames 

Although the equilibrium equation and funicular polygon methods are also 
applicable to rigid frames, it is more convenient to use the virtual displacement 
method on a collapse mechanism analyzed as a kinematic linkage of structural 
parts. 


” 
Two examples are illustrated in Fig. 6, from which the load-moment equa- 


tions listed below have been obtained by applying the principle of virtual dis- 
placements. The use of the instantaneous center of rotation (see any elemen- 
































Fig. 6—Mechanisms for simple 
frames 
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tary kinematics text) facilitates the solutions, but is not essential. Moment 
diagrams for the various members may be constructed readily by the cus- 
tomary procedures. The right-hand knee moment is M,’, and the positive 
moment at L/2 is M,. Span lengths are defined in the figure. 

In Fig. 6(a): 


In Fig. 6(b): 


ps, Mel ( Me” . Li 
dig: WS de 
a" left-hand knee moment 


CONCENTRATED PLASTIC ROTATIONS 


The magnitude of the concentrated plastic rotation (6,) necessary for the 
attainment of M, at all critical sections may be calculated from a considera- 
tion of the lack of balance or closure 
of the M,/EJ diagram‘ or by any CONSTANT 
other equivalent modification of —— 
elastic theory to include plastic rota- T _ | 
tions. Examples for continuous beams 





and simple rigid frames are given Rs 
below. It is also true that M, or M., 
the yield moment or the crushing mo- 
ment, may be used in place of M, if M¢ My 


residual plastic rotation is desired in OL A | @- DIAGRAM 
_——— 


the design for a specific load require- 
0, « My/Ed o<¢% 


M- DIAGRAM 








ment.* 


' 
Continuous beams My = mp2) 
sil M- DIAGRAM 
If the load P on the two-span con- 


tinuous beam of Fig. 7a is just large 





enough to develop M, at the first mM 


4 u U 
critical section, the moment diagram Be ©-OUGRAM 
will be that shown in Fig. 7b. The — 


accumulated plastic angle change of ” 





the solid black area of Fig. 7c will Ls CONJUGATE 
slightly increase the negative moment *\ liad BEAM 
> 








above that for purely elastic con- | 
eo 


aie : ; > 
ditions, by means of a small amount of . 


plastic adjustment. Although up to 


Fig. 7—Development of 0, in two-span 
this load the dominant action of the 


continuous beam with load at center of 
beam has been elastic, further load one span only 
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we we § Fig. 8—Calculated 0, re- 
rere quirements for two-span con- 
tinuous beams 














increases will cause spread of ¢, in the vicinity of the load along with a flexural 
adjustment until the ultimate moment develops at the center support as 
shown in Fig. 7d. 

The accumulated plastic angle change in the vicinity of the load in Fig. 7e is 
represented by the concentrated plastic rotation 6, on the idealized conjugate 
beam of Fig. 7f, in which the small amount of plastic rotation at Ry has been 
considered negligible. This conjugate beam may be used to obtain the magni- 
tude of 6, necessary for the formation of the moment diagram of Fig. 7d. 


The 6, equation for this case is: 


o L ss M, 
( M, ) ~\M,! 
1 


TM,’ 


Similar solutions provide the following equation for the two-span continuous 
beam with concentrated loads at the center of each span. 


© 1 6 at ) t — 3 J+ if ©, occurs at R, 
12 (; M, ) M,’ om ) — if ©, occurs at L/2 


MM,’ 


Fig. 8 illustrates the variation of 6, with different ratios of critical moments 
for these two cases. It should be noted that for the symmetrical loading con- 
dition an optimum ratio of critical moments exists for which the value of 6, 
is zero. 

Rigid frames 

Following a similar method of analysis for the rigid frames of Fig. 6, the 
0, equations are: 

In Fig. 6(a): 
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L, /Lg= 1.0 L, /Lg?!.5 








Ly/L,= 1.0 


o | | Jf 
1.2 


1.0 




















L/L, 
Fig. 9—Calculated ©, requirements for frames, no support deflections, with side-sway 


where a = 


(L,/Ls) 


In Fig. 6(b): 


where a’ = 


M, 
M,’ 


+ I 


For such frames with a constant value of M, and d, the relationship between 
06, and the frame proportions will be as shown in Fig. 9. 


DEFLECTIONS 


Deflections at ultimate load may be obtained by using the same conjugate 


beam procedure as presented above for obtaining 0,, by determining the slope 


at either end of the two-span beam and then the deflection at the desired point 
as the internal moment in the conjugate beam. Expressions for the various 
cases previously discussed are provided below for deflections at the load. 


Continuous beams 


The midspan ultimate deflection equations for the continuous beams previ- 
ously discussed are as follows: 
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In Fig. 7: 


With concentrated loads at the center of each span: 


an a = © > 
; T é i if @, occurs at Ry 
| ) if 6, occurs at L/2 


Fig. 10 and 11 provide a comparison of the deflection history of these two 
cases as the loading is increased from zero to the collapse load.* It is evident 
that each case will have elastic deflections at working loads for the ratios of 
M,,/M,/ shown. 


Rigid frames 


The midspan and side-sway ultimate deflection equations for the rigid frame 
with concentrated vertical load are: 


Midspan: 


ON 


aa Fig. 10—Defiection history for 
loading as it is increased from 
: i. zero to collapse load for 0, 

at R» 





ULTIMATE LOADS AND DEFLECTIONS 


Fig. 1 1—Deflection history for 

loading as it is increased from 

zero to collapse load for 0, 
at L/2 


2 
A '. A ' 
O/(G0/48) or AArseses 


Side-sway: 


where: 


~ 1 +(M,/M,’) 


The side-sway ultimate deflection equation for the rigid frame with the 
horizontal load is: 


 L: L ( L 
S= 2— —: 
6 Le 


’ 
where a 


SUMMARY 


1. Limit design is adaptable to any statically admissible distribution of 
moments, if the required concentrated plastic angle change(s) can be developed 
by the material used. 

2. The required plastic angle changes for the two-span beams and one-story 
frames in Fig. 8 and 9 do not exceed the capability of reinforced concrete sec- 
tions shown by recent tests.** 


3. Deflections at working loads for the cases studied are well within the 


elastic range for all ratios of positive to negative critical moments studied. 


1. Deflections upon the attainment of the ultimate strength at all critical 
sections compare favorably for the statically indeterminate cases studied. 
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5. It appears that limit design may be a powerful additional tool for the 


designer of continuous beams and frames of reinforced concrete. 
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Title No. 56-20 


Problems and Performance of 
Precast Concrete Wall Panels 


By VICTOR F. LEABU 


The use of prefabricated concrete wall panels for curtain walls is gaining 
popularity in the building industry. However, the precast concrete wall panel 
in service can cause problems. While most walls of this type are trouble-free, 
defects in some precast walls are forcing those concerned to take a closer 
look at design and construction practices. 

Since concrete is the basic material in the panels, the inherent problems for 
concrete must be controlled. Variation in color, inefficient U factor, and bulging 
are problems of precast wall panels inherited from concrete. Corrective 
measures for some of these problems are presented. 


@ THE PRECAST CONCRETE WALL PANEL, the concrete industry’s newest 
product, is gaining in popularity in the building industry. The many advan- 
tages of its novel construction, such as light weight, speed of erection, resistance 
to wind, rain, and fire, and low initial cost with minimum maintenance, have 
sparked the enthusiasm of architects, engineers, builders, and the public. 

The thin metal curtain wall with its problems of leakage, condensation, 
heat transmission, and warping, or the masonry wall with its problems of 
cracks, shrinkage control, and excessive weight should suggest to the architect 
and engineer that the precast concrete curtain wall has its own problems that 
only proper education and communication of ideas, experience, and technical 
data among those concerned will overcome. Concrete expands, swells, con- 
tracts, and shrinks with variations in moisture, temperature and weathering 
cycles. To expect the precast concrete wall panel to be free of these difficulties 
would be asking too much. 


DESIGN EVOLUTION 


The evolution in precast wall panels can be seen in the experience at our 
office which has used them in industrial, public, and commercial buildings 
over the past 9 years. The first panels were solid concrete, 8 in. thick, averag- 
ing 6 ft 6 in. wide x 20 ft long and used only as sill walls. These panels were 
fabricated on the site and tilted into position. They gradually changed in size 
and thickness and are now usually sandwich type and only 5 in. thick with 
increased length and width. Panels which were normally used as sill walls 
supported on grade beams are now suspended between columns and span 
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Fig. 1—Precast sandwich panels with broomed finish made with gray cement. After 
3 years’ exposure, uneven color tone is still noticeable 


structurally from column to column. The first panels had a smooth, finished 
surface; today’s surface treatments are more attractive, such as exposed aggre- 
gates, mosaic, glass and marble chips, quartz aggregates with white sand and 
cement, or other decorative exterior finishes and textures. 

The evolution did not occur without introducing problems, aside from those 
encountered in fabrication and erection well known to the industry. Generally 
the most troublesome problems encountered with the precast panels can be 
summarized as: 

Variations in color or discoloration of panels 
Maintaining a design factor of heat transmission (U’ factor 
Bulging of panels 


VARIATION OF COLOR AND DISCOLORATION 


The ordinary precast concrete wall panel is seldom a work of art. Its 
monotonous color tone and shades of gray are a constant source of criticism. 
Until recently, most buildings of this type have been far from attractive. This 
method of construction and mechanization has only served as an inexpensive 
means of durable construction and fast erection. 

The precast wall shown in Fig. 1 is a good example of troweled or broomed 
textured panels using regular concrete. These panels were erected approxi- 
mately 3 years ago. Time and weathering have not yet harmonized them to 
an even tone or color shade. 


To some architects and clients this inherent appearance is acceptable, how- 


ever, this kind of color variation is not always accepted without criticism. 


To obtain uniformity in color and texture requires even more control of con- 
crete and its ingredients than is normally practical. Accelerated curing and 
fabrication of panels, a common practice in the industry, makes inspection 
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and matching of panels even more difficult since aging and exposure will change 
the shade of panels for some time after erection. 

To minimize shade variation and discoloration of panels and to make the 
precast panel more attractive the following measures are suggested: 


1. Cement and aggregates should be from the same sources throughout the job. 
When using gray cement periodic checks should be made at the supplier for variation in 
shades of gray. No two suppliers have the same shade of gray cement. 

2. Inerection, some attempt should be made to match panels to minimize shade varia- 
tions. Variation of color should be kept to a minimum, especially in adjacent panels. 

3. The client and architect should be properly educated as to what to expect in the 
regular concrete panel and be prepared to accept the end results. 

4. White cement should be used where shades of gray are not acceptable, keeping in 
mind that even white cement has a blue or yellow cast, depending on the manufacturer. 

5. Textured panels will reduce the monotony of a smooth, troweled surface. 

6. Methods of curing and storage of panels before erection should be uniform for all 
panels. 

7. Surface treatments, such as exposed aggregate, mosaic, or marble chips, quartz 
aggregates with white sand and cement, or other decorative exterior finishes, will over- 
come the monotony of a plain concrete panel, but with additional cost. 

8. A sharp contrast in panel shade by the use of colored cements may be used effec- 
tively in some pattern to relieve monotony of natural appearance of regular concrete 
provided that the colored cements retain their basic color without fading. 

9. Avoid the use of exposed steel or iron inserts, edge angles, etc., that will rust and 
stain finished surfaces 


HEAT TRANSMISSION 


The U factor of any wall or roof material is important in the design of build- 
ings. For those not familiar with the significance of this mechanical engineer’s 
term, it tells how much heat, in Btu’s passes through a square foot of any 
given material in 1 hr for each degree difference in temperature (Fahrenheit), 
between the exterior and interior faces. 

Too often, responsibility for the determination of the thermal properties of 
wall and roof materials is divided between the architect and mechanical engi- 
neer. This divided responsibility usually leads to confusion and neglect. 
However, on this divided responsibility depends to a large degree the lifetime 
comfort levels within a building, the initial cost of heating and cooling equip- 
ment, as well as their annual operating and maintenance cost. 

With precast concrete wall panels, U’ varies considerably with the type of 
panel and the type of concrete used. The greatest heat loss occurs through 
solid regular concrete panels with less heat loss through solid lightweight, 
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Fig. 2—U factor for various 
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cellular, or foamed concrete. The most efficient precast concrete panel is the 
sandwich type made with regular or lightweight concrete with a layer of insu- 
lation such as foamglass, Styrafoam, or Fiberglas sandwiched between two 
layers of concrete. Fig. 2 gives the relative U’ factors of the different types of 
solid regular, lightweight, and foamed concrete panels together with sandwich 
panels for several panel thicknesses. 

Insulated panels are usually designed with a U’ ranging from 0.15 to 0.20. 
This is usually computed on the cross section through the insulation. The 
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effect of ribs and solid sections in the panel is seldom considered. This effect, 
however, is great enough to increase the LU’ factor of the panel as much as 
50 percent. 

Fig. 3 shows temperature variations through solid ribs and stiffeners in 
relation to the insulated portion of precast sandwich panels. It is evident 
that ribs and solid concrete sections of a sandwich panel using a highly efficient 
insulation core reduces its insulation qualities considerably, not only at the 
ribs, but also for some distance beyond the solid concrete sections. To illus- 
trate this effect, some typical precast concrete sandwich panels designed for a 
L’ of 0.19 are shown in Fig. 4. This factor was represented by the precast 
industry as calculated through the insulated portion only. The actual value 
for the over-all panel (including ribs, ete.) shows a factor from 0.26 to 0.33. 
This represents an increase of over 40 percent. The ratio of rib area to the 
insulated area of panel has a decided effect on the U’ factor, a high percentage 
of rib area will increase it considerably. Where possible; ribs and solid con- 
crete stiffeners should be kept to a minimum or eliminated if structural design 
conditions permit. Joints and intersections between panels should be studied 
and designed to maintain a factor comparable to the rest of the precast con- 
crete panel. 


BULGING 


This phenomenon is characteristic in many precast concrete panels and 
more pronounced in the sandwich type than in the solid type. 

Concrete being the basic material of precast panels, a constant state of 
movement can be expected due to changes in temperature and atmospheric 
conditions. 

Bulging and warping of precast panels can result in unsightly cracks at 
ceiling, floor, and partition lines unless proper provision is made in the design 
of panel and connecting components. Bulging may be caused by temperature, 
moisture, and curing and shrinkage differences between interior and exterior 
faces. 
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Fig. 5—Temperature gradient through four types of precast wall panel 


Temperature effects 

Temperature differential appears to have the greatest effect on the precast 
concrete wall panels and especially on the sandwich type. Fig. 5 shows the 
temperature gradient through four different types of precast concrete panels 
for a temperature range of —10 F outside to 70 F inside. Note that the sand- 


wich panel with its highly efficient insulation has the greatest temperature 
differential and the solid regular concrete panel the least. In the sandwich 


panel a temperature variation of approximately 68 F is possible between the 
exterior and interior layers of concrete. 


Computation of temperature effects 


The horizontal displacement due to temperature differential can be com- 
puted for regular (150 lb per cu ft) and lightweight (100 lb per cu ft) concrete 
as follows. 


Curvature is computed for two support conditions (See Fig. 6 for typical details): 


1. Panel supported as a beam on pin connections wlth equivalent moment at ends 
induced by the length change due to temperature differential. This represents a panel 
spanning between columns and supported at ends only. 

2. Panel acting as a beam fixed at supports with equivalent moment at ends induced 
by length change due to temperature difference. This represents panels with rigid sup- 
port between panel ends such as ties to floor and roof spandrels. 
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Fig. 6—Typical panel support and details 
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Table 1 shows deflections of regular and lightweight concrete for both sup- 
port conditions, and panel lengths from 1-30 ft for 1 in. of effective depth and 
10 deg F temperature differential. Lateral deflection versus span length for a 
typical 5-in. sandwich panel for an 80 F temperature differential is shown in 
Fig. 7. These curves show the effect of panel support and type of concrete 
on bulging. From the curves it is evident that the use of lightweight concrete 
and continuity of panels at points of support reduced the curvature of panels 
due to temperature differential. Of course in actual practice, panel support is 
seldom fully fixed or simply supported but more likely between these two 
extremes. 

Field observation of lateral panel movement due to temperature seems to 
correlate the computed deflections shown in Fig 7. However, no research on 
panel movement due to temperature on this type of wall has been performed, 
to the writer’s knowledge. 

In some field observations, the effect of temperature differential cannot 
always explain the outward movement of the panels. Panels seldom curve 
inward, and in most field observations the curvature is outward regardless of 
whether the hot face of the panel is on the outside or inside of the building. 
In most installations, the building frame would restrict inward movement but 
this is probably not the only reason. 





PRECAST PANELS 295 


TABLE 1—PANEL DEFLECTIONS FOR 10 DEG F TEMPERATURE DIFFERENTIAL 
PER INCH OF EFFECTIVE PANEL DEPTH 
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Moisture differential 

Concrete reacts to moisture changes in the same manner as it does to temper- 
ature variations. Concrete swells with increase in moisture and shrinks when 
the moisture is decreased. Precast panels with one side exposed to changes in 
weather and moisture conditions and a relatively constant moisture condition 
on the other are subject to constant movement and volumetric change. The 
amount of distortion depends on several factors, the most important of which 


are: 
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1. Climatic conditions outside and inside of the building 
Type of panels—solid or sandwich 


9 
3. Porosity and absorption rate of the concrete face exposed to the elements 
1 


Panel size 


The core or filler of sandwich panels acts as a good vapor barrier, as well as 
insulation. For this reason a greater variation in moisture can be expected 
between the inside and outside face. With the inside concrete layer held at a 
relatively constant moisture condition, the outside concrete layer is subject to 
greater volumetric change due to atmospheric exposure, resulting in a curva- 
ture of the panel. Solid precast panels due to their homogeneous nature have 
a much more uniform moisture gradient and as a result will have less curvature 
due to moisture differential. 


The porosity or absorption rate of the exposed concrete surfaces effects the 
volumetric expansion and shrinkage. To keep panel movement due to mois- 
ture to a minimum, the concrete and its ingredients should have a low absorp- 
tion rate. Closed cells and watertight concrete surfaces are desirable and re- 
duce bulging. Panel size and thickness play an important part in the magni- 
tude of curvature that can be expected. Panels exceeding 20 ft in width or 
length, and less than 5 in. thick, will have excessive movement. 


Curing shrinkage 


Shrinkage of concrete while curing presents a problem not only during 
fabrication but also after erection. Warping of panels due to differential 
shrinkage, especially in sandwich type panels, is dificult to control. Casting 
of panels in a flat position simulates the approximate conditions of placing 
concrete slabs on the ground. The rate of curing and evaporation of moisture 
of the two faces are not uniform and usually result in warped surfaces. Acceler- 
ated curing, removal from forms as soon as practical, and storing panels with 
equal exposure on both faces until erected prevents excessive warping. Low 
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Fig. 7 — Lateral deflection 
versus span length for a 
typical 5-in. sandwich panel 
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Fig. 8—Suggested details to avoid cracking and allow for panel movement 


slump concrete and the use of curing compounds, water saturated covering, 
and steam curing processes will also help. 

Since curing and measurable shrinkage of concrete can continue for as long 
as 3 years, movement of concrete panels can be expected long after erection 
due to nonuniform exposure of the two faces. This unequal shrinkage can 
possibly explain the observed outward instead of inward bulging of precast 


panels. 


DESIGNING FOR LATERAL PANEL MOVEMENT 


It is possible to design components of a building frame, such as ceiling, floor, 
roof, and partition joints intersecting the panel walls to compensate for some 
lateral movement. Fig. 8 shows some suggested details which will avoid un- 
sightly cracks in architectural finishes and provide for panel movement assum- 
ing a maximum allowable lateral deflection of 1 in. 


From Fig. 7, for an allowable lateral defiection of 1g in. due to temperature 
differential for a 5 in. precast sandwich panel, the following dimensions are 
suggested as approximate maximums: 


l tegular concrete and Support Condition 1, 8 ft 
Regular concrete and Support Condition 2, 15 ft 


») 
3. Lightweight concrete and Support Condition 1, 11 ft 
4. 


Lightweight concrete and Support Condition 2, 21 ft 


To account for panel movement, connections to the building frame must be 
carefully designed. Ductility and strength are prime requisites of good con- 
nector material. Brittle materials such as cast iron should not be used if 
connection failure is to be avoided. 
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CONCLUSIONS AND RECOMMENDATIONS 


Some of the problems of precast concrete wall panels can be minimized if 


the architect, engineer, and precast industry realize that good service per- 
formance of precast concrete wall panels is possible, 
1. Through exchange of design, experience, and research 
2. By developing better and more pleasing surface treatments 
3. By designing heating and cooling systems for over-all panel LU’ fac- 
tors with proper allowances for the effect of solid ribs and stiffeners on 
heat and cooling losses 
4. By designing ceiling, floor, and partition joints which intersect pre- 
cast wall panels to allow a predetermined amount of lateral panel move- 
ment without developing unsightly cracks due to temperature and mois- 
ture differentials 
5. By recognizing that the sandwich type precast panels are more 
susceptible to bulging than solid panels 
6. By using smaller panels to keep lateral movement within acceptable 
tolerance 
7. Through the use of lightweight structural concrete or foamed con- 
crete which has a smaller coefficient of expansion than regular concrete. 
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Title No. 56-21 


Effect of Admixtures on 


Electrolytic Corrosion of 


Steel Bars in Reinforced Concrete 


By YASUO KONDO, AKIHIKO TAKEDA, and SETSUJI HIDESHIMA 


Describes experimental research on the effects of admixtures, fly ash and 
CaCl, with and without calcium lignosulfonate, on the electrolytic corrosion 
of reinforcing steel embedded in 5%-in. concrete cubes. The reinforcing steel 
was subjected, as anode or cathode, to direct current of 5, 10, and 20 v, 
or to alternating current of 20 v for 28 days, 3 hr each day. 


Smali amounts of CaCl., less than 1 percent of cement by weight, caused 
no harmful reaction under direct current of less than 10 v, and when CaCl, 
and calcium lignosulfonate were used together, the corrosion tendency was 
alleviated considerably even under direct current of 20 v. Alternating 
current of 20 v caused no corrosion in concrete containing the admixtures. 


@ Iris A FEATURE OF ELECTRIC RAILROADS in Japan that the rails of the track 
are utilized as cathodes by which the current returns, and since it is both 
technically and economically difficult to prevent all leakage of electricity from 
the rails, some straying of current is inevitable. It is generally believed that 
electrolytic corrosion of steel reinforcing bars in concrete caused by these stray 
currents is accelerated when fly ash and calcium chloride are used as admix- 
tures, and it was the purpose of this investigation to ascertain by experimental 
methods the amount of admixture permissible as well as to discover some way 
of preventing the damage. With this purpose in view, four different types of 
reinforced concrete were made using fly ash or calcium chloride with and with- 
out a calcium lignosulfonate admixture. These were subjected to direct cur- 
rents of 0, 5, 10, and 20 v using the reinforcing bars as anodes or cathodes. 
Tests were also conducted for 20 v alternating currents. The aspects of 
corroding steel were observed through such phenomena as changes in electric 
resistance of concrete, changes in current flow, occurrence of cracks in concrete 
caused by the oxidation of reinforcement, rusting of bars, and changes in bond 
strength between reinforcing steel and concrete. 


299 





300 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1959 


ELECTROLYTIC CORROSION OF STEEL AND VOLTAGE OF STRAY CURRENTS 


The majority of electric railroads in Japan use single aerial trolley lines, the 
return currents being conducted by the rails to which the cathodes of electric 
substations are connected. 

The magnitude of stray currents depends on the supply of power by the 
substation, intensity of the electric currents of trains, electric resistance of 
rails, and the resistance of the rails to leakage of electricity to the ground as 
well as the electrical resistance of the ground. Steel bars in reinforced concrete, 
at locations influenced by stray currents, are corroded at points where the cur- 
rents enter and leave the concrete. When the concrete is moist its electrical 
resistance is about the same as common field earth but less than that of sand 
or gravel. The concrete thus becomes prone to electrolysis. 

The manner in which the potential (capacity to transmit electrical current) 
of rails or metal objects buried in earth changes is shown in Fig. 1.! With the 
neutral point in the figure as the border line, on the substation side the current 
leaks from the metal object to cause an anodic electrolytic action, while on the 
opposite side current flows into the metal object causing cathodic electrolytic 
action. The damage from cathodic electrolysis is a lowering of bond strength 
due to weakening of concrete near the steel through concentration of alkali. 
In anodic electrolysis the steel bars are corroded by oxidation and expand 
thereby rupturing the concrete. 

The reason for connecting cathodes to rails at substations is to localize anodic 
electrolytic damage to the immediate vicinity of the substations. If anodes 
were connected, damage would occur near the rails throughout their length 
as trains passed on them. 





ACI Member YASUO KONDO, professor emeritus, Kyoto University, 
Kyoto, Py n, where this study ey pemenry formerly headed the Depart- 
e 


ment of Civil Engineering there. served as professor of concrete tech- 
nology for more than 35 years at Kyoto and his research activities have 
included varied studies of plain concrete. He also introduced into Japan 
the Concrete Manual and the Material Testing Procedure Manual, 

ublished by the U.S. Bureau of Reclamation, and publications of TVA, 
PCA, and ASTM. 


AKIHIKO TAKEDA, served as an instructor at Kyoto University for 2 years 
and this study was performed under his supervision. He is presently in 
charge of the concrete research of the Meishin Highway Testing Bureau 
of the Japan Road Corp., Kyoto. 


SETSUJI HIDESHIMA, is a concrete engineer at Nippon Soda Co. where he 
is responsible for the field engineering. He conducted several research 
projects on concrete admixtures as research fellow under Professor Kondo 
at Kyoto University. Some of his studies were published in Proceedings, 
Japan Cement Engineering Association, 1955-1957. 














ELECTROLYTIC CORROSION 


Fig. 1—Potential distribution of stray 
electric current 


As mentioned, the possibility of electrolytic phenomena of reinforced con- 


crete is greatly influenced by the electrical conditions of the surroundings, 
voltage, and voltage distribution. According to investigations made by the 
Railroad Research Institute of the Japanese National Railways, measurement 


of 24-hr potential of the ground in the Kanda substation district, Tokyo, showed 
that the average is, with the exception of the dead of night, more than 10 v 
and a maximum of 24 v.2. The average for one year was 18 v. In other 
observations, approximate potentials such as 5 v for the Tokyo substation 
district and 30 v for the Haramachida station have been measured. There has 
been a case when as much as 100 v was measured at the time a train began to 
move. 


Considering the electrical system of the potential between rail and earth, 
the voltage at steel bars and concrete surfaces may have a maximum of about 
1.5 v and an average of 0.5 v when ties and ballast are new and the electric 
resistance high. However, when the structure is as old as 10 years, it can be 
assumed that the resistance has decreased to one-tenth or less, and the voltage 
between steel and concrete is about 5 v. 


Given a potential between rail and earth of 50 v, distribution of this potential 
is considered to be as shown in Fig. 2. It can be seen that when ties and ballast 
are new the reinforced concrete is charged with only about 1.7 v even when 
potential between rail and earth is 50 v, while after many years this increases 
to approximately 14 v. Therefore, in carrying out experiments on electrolysis 
phenomena, it was considered sufficient to consider voltages up to 20 v. 


Fig. 2—Potential distribution 
in direction perpendicular to 
rail 
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Fig. 3—Concrete specimen with protrud- 
ing bar and embedded plate 
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TEST SPECIMENS 


The problem of chemical and electrolytic corrosion of steel in concrete is a grave matter and 
it is thought possible that adding of calcium chloride or fly ash to concrete will accelerate elec- 
trolysis. According to the authors’ experiments* bond is somewhat lowered by an anodic 
charge of 30 v when calcium chloride is used in the amount of 2 percent by weight of cement. 
In these experiments calcium chloride and fly ash were used individually and with a caleium 
lignosulfonate-type cement dispersing agent added to each. The calcium chloride was used in 
increments of 0, 0.25, and 1 percent while fly ash was substituted for cement in 10, 20, and 30 
percent lots. The four types of concrete were charged with direct and alternating currents 
and observed for electroly sis. 

There were three specimens made for each condition of the electrolysis tests listed in Tables 1 
to 3. The term ‘‘calcium chloride concrete”’ in Table 1 includes concrete containing calcium 
chloride with and without dispersing agent; similary with the term ‘‘fly ash concrete.”’ 

Type I portland cement was used for the concrete. Fine aggregate was from the Kizu 
River. Coarse aggregate was from the Yasu River and graded 1-34, 34-34, 34-3 in. and com- 
bined at the ratio 3:3:4. The fly ash was from Ube. The calcium chloride was 75.5 percent 
pure and the calcium lignosulfonate-type dispersing agent was P-—5. 

The nominal cement content of the concrete was 539 lb per cu yd while the required slump 
was 8in. Trial mixes were made for each type of concrete used and mix proportions, as shown 
in Table 4, were then decided on. Mixing time was 2.5 min and was performed with a 2 cu ft 
tilting-type mixer. Immediately after discharge, concrete was placed in molds and compacted 
with a rod-type vibrator. Fig. 3 shows the concrete specimens which were 6 x 6 x 6 in. cubes, 
each having an electrode consisting of an embedded steel bar and a galvanized iron sheet 1 /69 in. 
thick. Besides these, specimens with steel bars completely embedded in concrete were made, 
as shown in Fig. 4, to obtain results closer to practical conditions. The concrete cover was 
2 in. and current was applied at the plates attached to the upper and lower surfaces. 


TABLE 1—ELECTROLYSIS TESTS OF CAL- TABLE 2—ELECTROLYSIS TESTS OF FLY 
CIUM CHLORIDE CONCRETES BY APPLI- ASH CONCRETES BY APPLICATION OF 
CATION OF DIRECT CURRENT DIRECT CURRENT 


Amount of ad- Direct current Amount of ad- Direct current, 
mixture, percent volts mixture, percent volts 
Calcium Fly ash P-5 0 : 10 
CaCl ligno- : 
sulfonate 10 0 No current 
—- 20 0 No current 
No current + t + 40 0 No current 
No current t + ¢ — 
No current + + + 10 0.5 No current 
20 0.:! No current 
0 2: No current - + + 30 0.5 No current 
0.25 25 No current 
1.00 . 25 No current 
Anodic connection; , Cathodie connection 


*+, Anodic connection; —, Cathodic connection 
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TABLE 3—ELECTROLYSIS TESTS BY AP- 
PLICATION OF ALTERNATING CURRENT 


Type of concrete 0.4 20 vy 


Plain No current ‘urrent applied 
0.25 percent CaCl, No current ‘urrent applied 
1 percent CaCl 
0.25 percent caleium 
¥ P 2 lignosulfonate No current ‘urrent applied 
Fig. 4—Concrete specimen with com- 20 percent fiy ash P 
° substituted No current urrent applied 
pletely embedded steel reinforcement 20 percent fly ash 4 
0.5 pereent P-5 No current ‘urrent applied 


After specimens were cast they were covered immediately with wet straw mats. On stripping, 
they were placed in a 21 C water curing tank for 5 days and then immediately given three coats 
of a membrane curing compound to prevent evaporation of moisture. They were then kept 
in a room of constant temperature and humidity and moist-cured for 7 days before charging 
with electricity. 


METHOD OF EXPERIMENTS 


In applying either direct or alternating current, only the source was differed and the current 
was carried by the same wiring system. Fig. 5 shows the schematic arrangement while Fig. 6 
gives a view of specimens being tested. In causing anodic electrolysis the steel bars were 
connected to the anode and the galvanized iron plates were connected to the cathode, whereas 
in cathodic electrolysis the connections were reversed. Both direct and alternating currents 


were applied to the specimens with protruding bars 3 hr a day for 14 days. Control specimens 


for comparison were kept under the same conditions except that no electric current was applied. 
The specimens with the completely embedded steel bars were subjected to 20 v de 3 hrs a day 
for 28 days. 


TABLE 4—MIX PROPORTIONS OF CONCRETE 


Unit Unit admixture con- 
Unit Unit Sand Unit coarse tent, Ib per cu yd 
water Cement fiv ash W ater- aggre- sand aggre 
con- factor con- cement gate content wate Cal 
tent lb per tent ratio ratio Ib per ontent 
Ib per cu yd lb per percent* percent cu yd Ib per 


cu yd eu yd cu yd 


315 ‘ 27 1807 
315 53 58.2 1807 
Calcium 315 58.: 27 1807 
chloride 
concretes 1906 
1906 


1906 


1861 
1857 
378 52.8 1854 


Ans 


Fly ash 

concretes 
485 5 5 } 1874 
451 1869 
378 1864 


415 539 F 1807 
315 539 58 1807 
265 539 49 238 1906 
297 431 109 53 ‘ 1857 
270 431 109 50 1869 


ass 


*Water-(cement + fly ash) ratio in concrete containing fly ash. 
t75.5 percent pure calcium chloride used. 
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hee Bee Fig. 5—Schematic diagram of 


Voltage of the | s£L “Dy (©) Variable Resistanc wiring for electrolysis experi- 
Electric Source SECs arc) Ammete 0A ments 


While the current was on, the voltage was kept as constant as possible and the flow of 
electricity was measured every hour. After completion of the 14 or 28 day periods the speci- 
mens, including the control cubes, were tested the next day for bond and slippage. Bond tests 
were conducted in accordance with ASTM C 234-54. Those specimens which had been tested 
for bond were then broken to observe the condition of the corroded steel. 


OBSERVATIONS ON RESULTS 


Changes in resistance of specimens during current application 


Although the type and amount of admixture used in the concrete differed, 
curing and method of applying current were identical so that when the voltage 
was constant the amount of electricity consumed and the variation in the 
electrical resistance could be regarded as indicating the variation in moisture 
content, temperature of the concrete (with 30 v de the temperature rise was 
approximately 3 C for anodic charges and 1 C for cathodic charges), and rust- 
ing and concentration of gas around the steel bars caused by electrolysis. 

Of these factors the first two were not important as the experiments were 
conducted in a constant moisture and temperature room and the specimens 
sealed with membrane curing compound. The amount of electricity and change 
in resistance could be thought to be an indication of the progress of electrolysis. 
As it was impossible to avoid slight changes in voltage and distance between 
poles, the first readings in resistance of the materials used was taken as a basis 
for comparison. Results were as follows: 

1. The ratio of increase in resistance for 20 v de anodic connections is shown in Fig. 7 and 8 
Though the data spread was only about + 5 percent from the average values plotted, it is 
clearly shown that for the calcium chloride concretes at 1 percent addition the increase sud- 
denly became intensified after 7 days, while at 0.25 percent there was not so marked a difference 
from the plain concrete. When calcium lignosulfonate was used with 1 percent calcium chloride 
the amount of change in the ratio of increase was reduced considerably. For fly ash concretes 


Fig. 6—Test setup for dc electrolysis 
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Fig. 7—Duration current applied versus Fig. 8—Duration current applied versus 
ratio of increase in resistance for CaCl» ratio of increase in resistance for fly ash 
concrete (20 v dc) concrete (20 v dc) 


the ratio of increase was not as conspicuous, although for 30 percent substitution both with 
and without calcium lignosulfonate there was a comparatively large increase towards the end. 
Again, the increase was less for the concrete with calcium lignosulfonate added. 

2. In the case of anodic electrolysis with 10 v de the ratios of increase in resistance were all 
small, being approximately one-half of the 20-v tests. The results for calcium chloride con- 
crete were the opposite of the 20-v tests and plain concrete showed the greatest increase. It 
was therefore surmised that addition of 1 percent calcium chloride did not increase electrolysis 
at 10 v de. The decrease with the added use of calcium lignosulfonate was the same as at 20 v. 
For fly ash concretes the trend was the same as at 20 v, but with smaller increases in resistance. 

3. For 5 v de anodic connections the ratio of increase was even smaller and no effect of 
admixtures on electrolysis could be seen 

t. In the case of 20 v de and cathodic connection there was considerable change in resistance 
during the 3 hr of current passage every day. This tendency was especially notable in the 
latter half of the testing period. This is because hydrogen gas forms around the surface of the 
cathodes, or steel bars, and is stored there by reduction. The resistance dropped on turning 
off the current at end of the daily 3 hr to a point where the next day’s passage of current began, 
but it recovered slightly higher than at the beginning of the previous day. Calcium chloride 
concrete shows greater change in resistance than fly ash concrete, probably because of higher 
content of electrolytic substances. An example of the relation between the ratio of increase 
in resistance and the number of days of current application is shown in Fig. 9: 


Fig. 9—Ratio of increase in resistance 
versus duration of current application for 
cathodic electrolysis 
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5. When 20 v ac was used there was no noticeable change in resistance as with 20 v de and 
there was no specical phenomena seen at the electrodes. The increase in resistance was greatest 
for plain concrete and so far as this investigation is concerned, there was no effect on electrolysis 
by the type or amount of admixture used. 

6. For concrete containing 1 percent calcium chloride with completely embedded steel bars, 
as shown in Fig. 4, the current applied was 20 v de 3 hr a day for 28 days and it was thought 
that the two steel bars placed between the electrode plates would be affected by anodic and 
cathodic electrolysis resulting after a few days in a change of potential. Actually, however, the 
amount of electricity passing through the concrete was extremely little and there was no rusting 
of steel or cracking of concrete seen after 28 days. 


Rusting of steel reinforcement 


After completing passage of current and bond tests, the specimens were 
broken and inspected for rusting. Rust was first completely removed to expose 
the black surface of the bars, then bathed in alkali to remove all oils. For 5 v 
de anodic connection, 20 v de cathodic connection, and 20 v ac, there was no 
passage of electricity therefore no changes in the steel, but for 10 and 20 v de 
anodic connections there was some forming of rust even for plain concrete with 
increased formations in proportion to the amount of calcium chloride or fly 
ash used. Using 1 percent calcium chloride or 30 percent fly ash substitutions, 
rust formed in thin films over the entire surface of the steel. However, this 
rusting was lessened by the additional use of calcium lignosulfonate. Gener- 
ally speaking, the calcium chloride concretes showed greater rusting of steel 
than the fly ash concretes. 


Cracking of concrete due to electrolytic corrosion 

The only concrete which cracked was subjected to 20 v de and contained 
1 percent calcium chloride with steel reinforcement acting as anodes. The 
cracking is explained by the anodic electrolysis of the steel in which inorganic 
acid and oxygen form at the face of the steel and cause oxidization. As oxidi- 
zation progresses the steel rusts and expands. This occurs most often during 


the passage of current when there is a rapid increase in resistance. A day or 


two after cracking, the increase becomes much less rapid. The cracking is 
shown in Fig. 10. 


Fig. 10—Cracking of concrete in specimen 
with anodic connection, 1 percent CaCl. 
(20 v de) 
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TABLE 5—INDEX OF INCREASE IN BOND STRENGTH AT 2.4 X 10° IN. 
SLIPPAGE OF VARIOUS CONCRETES WITH NO APPLICATION OF CURRENT 


Bond, psi 


Index of increase 


Admixture 
Bond, psi 


Index of increase 


Admixture 


Bond, psi 


Index of increase 


Admixture 


Plain (control) 


423.8 

100 

10 percent fly ash 
452.3 

107 


0.25 percent calcium 
lignosulfonate 


470.8 

111 

10 percent fly ash 
0.5 percent P-5 


0.25 percent CaCl» 


445.2 

105 

20 percent fly ash 
415.3 


97 


0.25 percent CaCl: 
0.25 percent calcium 
lignosulfonate 


355.6 

11 

20 percent fly ash 
0.5 percent P-5 


1 percent CaCl 


30 percent fly ash 
391.1 


99 


1 percent CaCl» 
0.25 percent calcium 
lignosulfonate 


551.9 

130 

30 percent fly asl 
0.5 percent P-5 


Bond, psi 177.9 431.0 406.8 
Index of increase 113 102 v6 


Bond of specimens with no current passage 


In Fig. 11 and 12 the bond-slippage values of concretes containing calcium 
chloride, fly ash, and calcium lignosulfonate individually or in combinations 
are shown. Bond cf calcium chloride concretes and fly ash concretes at 2.4 X 
10-* in. slippage is given in Table 5 compared with that of control specimens. 
As can be seen from this table, bond increases in proportion with the amount 
This tendency is further enhanced with the added 
use of calcium lignosulfonate. 


of calcium chloride used. 
It can be seen that the ratio of increase in bond 
of the two admixtures combined is the sum of the two used individually. When 
fly ash is used the bond becomes poorer as the percentage of substitution 


increases. 


Change in bond of calcium chloride concrete on passage of direct current 


The bond-slippage relations of calcium chloride concretes subjected to 0, 


5, 10, and 20 v de with the steel bars connected to act as anodes and those 
subjected to 20 v de with cathodic connections are shown in Fig. 13 to 16. 
Curves for 5 v de, however, were no different from that of 0 v and were thus 





Strength 


Bond 








Fig. 11—Bond strength versus slip for no 
application of current in CaCl. concrete 


Fig. 12—Bond strength versus slip for no 
application of current in fly ash concrete 
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Fig. 14—Bond strength versus slip for 
direct current and anodic connection in 
concrete with 0.25 percent CaCl, 


Fig. 13—Bond strength versus slip for 
direct current and anodic connection in 
control specimens 


omitted. This is thought 


to be due to anodic electrolysis, formation of rust increasing friction, and the 


The bond increases for anodic passage of current. 


raising of concrete temperature by the electricity which accelerates hardening. 
The increase in bond on application of current was not considered a direct 
indication of the degree of rusting. In Table 6 a comparison is made of the 


bond of various concretes at a slippage value of 2.4 X 10°? in. 


There was no change in bond of calcium chloride concretes subjected to 5 v 
de anodic and 20 v cathodic current passage, while with 10 and 20 v de anodic 
connections there were bond increases of 3 to 6 percent and 2 to 10 percent, 
respectively. In other words, in concrete containing 1 percent or less calcium 
chloride, direct passage of direct current 20 v or less will not lower bond through 
electrolytic corrosion, but rather, increases bond. 
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Fig. 15—Bond strength versus slip for 
direct current and anodic connection in 
concrete with 1 percent CaCl. 


Fig. -16—Bond strength versus slip for 
direct current and anodic connection in 
CaCl, concrete 
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TABLE 6—INDEX OF INCREASE IN BOND STRENGTH AT 2.4 X 107° IN. 
SLIPPAGE OF CALCIUM CHLORIDE CONCRETE 


Admixture Plain (control) 0.25 percent CaCl. 1 percent CaCl, 


Voltage 0 10 20 0 10 20 0 10 20 20 
Bond, psi 423.8 435.2 462.2 445.2 475.0 519.1 503.5 519.1 590.2 | 507.8 


) 
Index of increase 100 100 100 105 109 128 119 119 128 


0.25 percent calcium 0.25 percent CaCl. 4+ 1 percent CaCl. 
Admixture lignosulfonate 0.25 percent calcium 0.25 percent calcium 
lignosulfonate lignosulfonate 
Voltage 0 10 20 0 10 20 0 10 20 
Bond, psi 470.8 475.0 497.8 | 497.8 522.0 | 547.6 | 551.9 | 590.2 | 648.5 
Index of increase lil 109 108 117 120 119 130 136 140 


TABLE 7—INDEX OF INCREASE IN BOND STRENGTH AT 2.4 X 10° IN. 
SLIPPAGE OF FLY ASH CONCRETE 


Admixture 10 percent fly ash 20 percent fly ash 30 percent fly ash 


Voltage 0 10 20 0 10 20 20 0 10 20 
Bond, psi 156.6 476.5 524.8 418.1 433.8 492.1 416.7 | 391.1 409.6 | 460.8 
Index of increase 108 110 114 yy 100 107 92 4 100 


Admixture 10 percent fly ash + 20 percent fly ash + 30 percent fly ash 
0.5 percent P-5 0.5 percent P-5 0.5 percent P-5 


Voltage 0 10 20 0 10 20 0 10 20 


Bond, psi 480.7 | 497.8 | 541.9 | 491.0 | 452.3 | 503.5 5 | 409.6 | 429.5 477.9 
Index of increase 113 114 117 102 104 109 97 99 93 


Change in bond of fly ash concretes subjected to passage of direct current 

The bond-slippage relations of fly ash concretes subjected to 0, 5, 10, and 
20 v de with anodic connections and those subjected to 20 v de with cathodic 
connections are shown in Fig. 17 to 20. In this case also there was no difference 
between 0 and 5v. Table 7 shows a comparison of bond for various concretes 
when the slippage value is 2.4 & 10° in. 


Bond Strength 


— 


Fig. 17—Bond strength versus slip for Fig. 18—Bond strength versus slip for 
direct current and anodic connection in direct current and anodic connection in 
concrete with 10 percent fly ash concrete with 20 percent fly ash 
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Fig. 19—Bond strength versus slip for 
direct current and anodic connection for 
concrete with 30 percent fly ash 








As can be seen from the table, fly ash concretes show no change in bond to 
steel when subjected to 5 v de anodic and 20 v de cathodic connections while 
for the 10 and 20 v anodic connections the bond increases by 4 to 5 percent 
and 13 to 18 percent, respectively. 


Change in bond of specimens subjected to alternating current 


The bond-slippage relations and comparison of bonds at the slippage value 
of 2.4 & 10-* in. of various concretes subjected to 20 v ac are shown in Fig. 21 
and Table 8, respectively. From these it can be seen that the bond strengths 
of the various concretes are higher than for direct current, but this is because 
fresh cement was used in the concrete for these tests. 


There was no change due to electrolysis in bond of concretes subjected to 
20 v ac as there was in 20 v de and the variation was exactly the same as for 
concretes not subjected to electric current. Therefore, it was concluded that 
there is no effect on bond to steel, even for 20 v charges, when alternating cur- 
rent is used. 

It was postulated that when alternating current was applied, because of the 
difference in material of steel, cement paste, and aggregates, there would occur 
rectification phenomena in the current flowing down the interface of steel and 
concrete so that over a long period of passage there would occur electrolysis 
similar to that caused by direct current. However, when the electric waves 
between the electrodes and the concrete surface were observed by a Brown 
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Fig. 21—Bond strength versus slip for 20 
v ac comparing control specimens and 
concretes with admixtures 
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tube oscillograph no difference was found between them and the waves of the 
power source. 


CONCLUSION 


The experiments described in this paper were conducted to investigate the 
electrolytic corrosion phenomena occurring when outside electric current is 
applied to reinforced concrete using calcium chloride, fly ash, and calcium 
lignosulfonate, singly or in combination, as admixtures. The following con- 
clusions are drawn from. these experiments. 


1. There is no effect from currents up to 5 v de when using calcium chloride 
or fly ash as admixtures where parts of the reinforcing bars are exposed and 
outside direct current is applied directly to the bars in such a way that they 
act as anodes. At 10 v de, when 1 percent and more calcium chloride or 30 
percent and more fly ash are used, the entire surface of the parts of reinforcing 
bars embedded in concrete show light rust, but no cracking occurs and bond 
of steel to concrete is increased by 4 to 10 percent. With the same amount of 
calcium chloride or fly ash at 20 v de, the rusting of bars embedded in concrete 
differs depending on the amounts of admixture used, in cases being compara- 
tively pronounced, and cracking of concrete occurs when the amount of calcium 
chloride used exceeds 1 percent. Over- TABLE 8—INDEX OF INCREASE IN BOND 
a a STRENGTH AT 2.4 X 10° IN. SLIPPAGE 
lowered and rather it is increased by OF VARIOUS CONCRETES SUBJECTED 
13 to 18 percent. When the rein- TO 20 V ALTERNATING CURRENT 
forcing bars act as cathodes or when 

Admixture Bond, Index of 


alternating current is applied no increase 


all bond of steel to concrete is not 


_— "=e [life « , ‘ 2c > Plain (no current) 492. 100 
electrolysis occurs at voltages under PL. 3 = 
20 v 0.25 percent CaCl: 527 107 
7” ‘ 1 percent CaCl: + 0.25 

ee calcium 

ignosulfonate 584.6 119 


2. In concrete containing 1 percent 
. A R . 20 percent fly ash 477 .§ 97 
calcium chloride where reinforcing 20 percent fly ash 


. 0.5 percent P-5 503 .6 102 
bars are completely embedded in con- 
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crete and the distance from surface to bar is 2 in. or more, no rusting of steel 
or cracking is seen even when 20 v de is applied to the concrete surface. 

3. When the properties of concrete containing 1 percent calcium chloride 
or 30 percent fly ash are improved by the addition of 0.25 percent calcium 
lignosulfonate, the corrosion phenomena of bars acting as anodes, occurring 
when direct current is applied, are greatly reduced. 

It appears that the damage from electrolytic corrosion in reinforced concrete 
containing calcium chloride or fly ash as admixtures is generally overestimated. 
The greatest cause of such damage is current straying from railroad tracks, the 
voltage reaching concrete nearby being about 14 v when ties and ballast are 
approximately 10 years old and electrical resistance is weakened. However, 
when steel bars are not exposed from the concrete no corrosion can be seen 


although 1 percent calcium chloride is used and as much as 20 v de is applied. 


Usually, the actual voltages of currents reaching concrete in the field are 
considerably lower than the 20 v used in these experiments and furthermore 
they occur off and on over a long period. It may be assumed that reinforced 
concrete containing calcium chloride or fly ash in moderate quantities can be 
amply protected by improving properties of the concrete by addition of calcium 
lignosulfonate and through observation of proper concreting practices. 


REFERENCES 


1. Electrical Corrosion Prevention Research Committee, Manual for Prevention of Electrical 
Corrosion. 

2. Hoshino, K., ‘Electrical Corrosion of Concrete Poles,’ Railway Research Institute, 
Japanese National Railways, R 1230, Feb. 1955. 

3. Kondo, Y., and Takeda, A., ‘Studies on the Application of Calcium Chloride in Concrete 
Construction Work,’ 7th Japan Technology Institute Civil Engineering Symposium, May 1956 


ACKNOWLEDGMENT 


The authors wish to thank Masao Wada, a student at Kyoto University, for his help in 
carrying out the experiments. 


Received by the Institute Dec. 15, 1958. Title No. 56-21 is part of copyrighted Journal of the American 
Concrete Institute, V. 31, No. 4, Oct. 1959 (Proceedings V. 56 eparate prints are available at 
60 
50 cents 


American Concrete Institute, P. O. Box 4754, Redford Station, Detroit 19, Mich 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1960, for publication in the June 1960 JourRNAL. 





Title No. 56-22 


Comparison of Measured and 


Calculated Stiffnesses for 
Beams Reinforced in Tension Only 


By BILL G. EPPES 


In any study of mechanics of indeterminate structures stiffness plays an 
important role in analysis. Analysis leads to the determination of the 
redundant quantities, which in turn lead to the determination of the critical 
bending moments and shears. The factor EI, which is a measure of stiffness, 
is necessary for determining deflections of any elastic structure, be it stati- 
cally determinate or statically indeterminate. 


This paper is a presentation of the findings of an experimental measure- 
ment of stiffness (EI) for reinforced concrete beams. Measured values of 
stiffness are compared with the calculated values for nine beams. 


It was found in this study that the measured values of stiffness decrease 
with increased bending moment, showing first a large value for stiffness for 
the lower values of moment and then a rather sudden transition to a lower 
value of stiffness for larger values of moment. The larger measured values 
compare reasonably well with the calculated gross section of a reinforced 
concrete beam with transformed area of steel and the lower values compare 
fairly well with the calculated net section of the reinforced concrete beam 
with transformed area of steel included. 


@ SoLuTIONS TO THE REDUNDANT QUANTITIES OF A STATICALLY INDETERMI- 
NATE FRAME require equations in addition to those of statics. These equa- 
tions are based on the behavior of the frame under load. Contained in these 
equations are properties of the frame or its members, specifically EJ (shown 
here in combination as it usually appears). Of particular concern is J, since 
this is the quantity that usually varies while / remains constant. The use 
of FE, of course, indicates that a frame analysis is based on ideas of elasticity. 
The term EJ always appears in equations for determining the elastic deflection 
of members. 

The designer is frequently confronted with the need for a value of J for use 
in frame analysis. When analyzing moments in a frame the ratios of stiff- 
ness play the predominant role in the final determination of moments. A 
useful demonstration of the difference in the final balance of moments as 


313 
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Fig. 1—Variation in stiffness 
affecting moments in beams 


BALANCED MOMENTS IN KIP FEET 


changes occur in the stiffness ratios between beams and columns is given 
in the Portland Cement Association’s Continuity in Concrete Building Frames,' 


The effect of variations in stiffness is illustrated . . . for the following ratios of column 
to beam stiffness: 14, 1, 2, and 4. The tabulated values indicate that some moments, 
especially those in exterior spans, are sensitive to changes in column stiffness, whereas 
others are not. It is advisable not to ignore this question but to be sure that appropriate 
stiffness values are used in the analysis. 


Shown in Fig. 1 is a copy of Fig. 17 of Reference 1. (K is used to represent 
the flexural stiffness of the member.*) 

If the value of stiffness used when designing a beam in a frame were higher 
than the true stiffness, the ratio K.o:/Keam Would be too low and some of the 
calculated moments would be different from the actual moments. If the 
ratio between the design moment of inertia and the actual moments of inertia 
were 2:1 then the resulting ratio of K.o:/Koeam would be increased from 0.5 
to 1.0 and the bending moment in the exterior span on the left side would 
increase from —97 kip-ft to —126 kip-ft. This means that the actual 
moment is 30 percent higher than the designer’s value of moment, as de- 
termined from conventional methods. 


Importance of study 


The methods given in most published material on reinforced concrete con- 
cerning a method of determining the moment of inertia of concrete sections 
are rather varied. Although it is well known that reinforced concrete is not 
a solid homogeneous material, it is quite often treated as such by designers 
when computing moment of inertia. 


Opinions differ as to the proper method of computing moment of inertia . . . The 
preponderance of opinion is in favor of computing the moment of inertia for the con- 
crete section only by considering it as a homogeneous section and neglecting the rein- 
forcement. This method is recommended by the authors.? 


The CRSI Design Handbook* recommends that: 


The moment of inertia of the cross section can be obtained in one of two ways: 
(a) When making preliminary computations, use the moment of inertia of the gross 
outline of the concrete section, omitting the reinforcing steel. If the same method is 


*K = EI/L, where E is the modulus of elasticity of the member, J is the moment of inertia of the cross section 
of the member, and L is the length of the member measured from the center lines of the members which it intersects. 
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applied to all members of a frame, this is fairly reasonable. In an ordinary continuous 
tee-beam, there is a tee section near midspan and a rectangular section at either end, 
and the point of inflection moves considerably under different loading conditions, 
so it is clear why a high degree of precision is not obtainable. 

(b) Some designers, feeling that a heavily reinforced beam should have more resist- 
ance than a lightly reinforced one, take the moment of inertia of the transformed area, 
though there is a question as to whether this is any more precise, and it can only be 
done after considerable preliminary designing to establish all the needed data. 


Here the author seems to be uncertain as to how the moment of inertia of 
concrete sections should be treated; there is also a question concerning the 
precision of moment of inertia calculations. 


The Joint Committee Report‘ recommends that: 


The moment of inertia of flexural members, for purposes of computing the relative 
stiffness, may be that of the gross cross-sectional area of the member, making reason- 
able allowance for the effect permitted in 804(d). (Refers to allowable flange width.) 
For columns or other compression members the transformed area of the steel reinforce- 
ment should be included. 


The British Standard Code of Practice for Reinforced Concrete states 
Article 506: 


For the purpose of estimating the stiffnesses of a reinforced concrete member the 
moment of inertia may be calculated on its whole section. Allowance for the rein- 
forcement may be made using the appropriate modular ratio. In the case of a beam 
the breadth of the compression slab shall be taken in accordance with clause 601(g). 
(Refers to the allowable flange.) The method employed in estimating moment of 
inertia shall be the same for all members considered in any one calculation. 


The above article is explained in Explanatory Handbook on the Code 
Practice for Reinforced Concrete:* 


It will be noted from clause 506 that the moment of inertia and therefore the stiff- 
ness of members may be calculated by one of three methods, provided the same method 
is used throughout the calculation. The methods are: 

(a) Using the whole area of the section, ignoring the steel reinforcement 

(b) As (a) but including the steel at its appropriate modular ratio 

(c) Using the compression area of the concrete, ignoring the tension area, and allow- 
ing for the steel at its appropriate modular ratio 

These will generally lead to different results, although in normal cases the difference 
is not likely to affect design considerably.* 


*Reference 5, p. 98. 
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Fig. 3—Symmetrical loading used to 
Fig. 2—Various recommended methods of produce a constant moment for a finite 
determining moment of inertia length of beam 


The British, then, allow the designer to take his choice as to the method 
he desires for the computation of moment of inertia. Further lack of agree- 
ment concerning moment of inertia and stiffness is expressed in Reference 1. 


Whatever type of analytical method the designer may use, it is necessary to estab- 
lish the relative stiffness of all beams and columns. Stiffnesses are functions of cross- 
sectional dimensions, but these are not known at the outset and must therefore be 
estimated. Another source of trouble is that the calculation of moment of inertia is 
often slow and is based on certain assumptions about which complete agreement 
has not yet been reached .. . 

For beams, the question arises regarding the effect of flange upon the stiffness. 
Both the ACI Code and the Joint Committee Report recommend that J be based 
upon gross section but whereas no allowance is made for reinforcement, allowance 
should be made for the effect of the flange.* 


A study of the above quotations will show that there is a general lack of 
agreement concerning an absolute method for determining moment of inertia 
and, further, that one may well take his choice as to how he calculates the 
stiffness of various members of a frame, depending on whose recommendations 
he follows (Fig. 2). It then becomes important for the designer to know the 
limitations of the various methods for the handling of moment of inertia and 
how the calculated values compare to the actual values. The purpose of 
this paper is to present measured values of J and compare them with the 
usual calculated values. 


*Reference 1, pp. 15, 18 
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Theoretical considerations 


The experimental measurement of // is based on the equation d8 = Mdl 
EI. Of course, if the moment is held constant over a finite length J, then the 
equation becomes 0 = M1, £1, or solving for EJ the equation may be written 
EI = MI 0. To produce a constant moment over a finite length, a sym- 


metrical loading as shown in Fig. 3 is used. The moment is determined 
from measurements of load and/or reaction. The length / is established using 
the gage length of a strain measuring device, and the angle 0 is determined 
by measuring the strain along the length of the beam at various depths. 
Various experimenters have used a technique of this type to determine 0. 

If the moduli of elasticity of the concrete and reinforcing steel are known 
then the value of moment of inertia can be isolated from EJ. For the equa- 
tion 8 = MI/EI to be valid concerning the concrete: 


(a) The stresses caused by bending are below the proportional limit, so that Hooke’s 
law holds. Concrete does not behave strictly in accordance with Hooke’s law, but it is 
commonly assumed in design that it does. Measurements made when either the 
concrete or the steel exceed the proportional limit will not be valid. 

(b) A plane section across the beam remains plane after the beam is bent. 


PROCEDURE 
Preparation of specimens 

The design of the test beams was based on the following factors: 

1. It was intended that the beams not fail in bond or diagonal tension until the 

stresses in flexure were well above working stresses. 

2. Specimens as large as possible were desired so that standard size materials 
could be used (1-in. maximum size aggregate and deformed bars). The specimens were 
limited in size to 6 x 6 x 36 in. so that standard steel beam forms could be used. A 
beam of this size is easily handled for instrumentation and placing in the testing machine. 

3. The percentage of steel was to vary but remain in the normal range for beam 
reinforcing 


Two sets of beams were cast for this experiment. The designation for the first set of beams 
is 1 followed by the number of the beam i.e., Beam 1-1. The designation for the second set 
of beams is 2 followed by the number of the beam i.e., Beam 2-1. Two batches were required 
for each cast, due to the quantity of material involved. Two 6 x 12 in. test cylinders were 
taken with each casting. The reinforcing steel was supported by holes in the end forms, 
the reinforcing steel being longer than the beam. 


Curing 


After casting, the concrete was left standing for 24 hr, after which the forms were removed 
and the specimens placed in a moist room. The temperature of the moist room was a con- 
stant 70 F. The concrete specimens of the first casting remained for 9 days. The beams for 
the second casting were allowed to remain for 13 days 


Gage points 


Special gage points were prepared for this test to be used with an 8 in. Berry strain gage 
modified.* Dises 14 in. in diameter were obtained from punchings of 1/16-in. sheet steel. 


*The Berry strain gage was modified by rounding the conical ends of the legs of the strain gage into a spherical 
shape. 
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A hole was drilled in the center of each dise with a No. 55 drill. Each dise was then carefully 
sandblasted, leaving the surface chemically clean, so that it would bond well with the cementing 


compound used. 


Installation of gage points 


The location of gage points on the beam is shown in Fig. 4. Gage points were installed 
symmetrically on both sides of the beam. Prior to installation of the discs the concrete beams 
were carefully cleaned in the areas where the gage points were to be placed to assure a good 
bonding surface. A grid was then marked off on the side of the beam and at the intersections 
of the grid lines, and the gage points were cemented to the surface. 


Preparing the beams for test 

Steel plates were grouted in plaster of Paris at the points of load and support. These plates 
were of such size that no failure in bearing could occur. The plates were given their final 
adjustment with a spirit level. The beams were tested in a 120,000 lb testing machine. For 
the first set of beams, Beams 1-1 to 1-4, the loading points were 10 in. apart. For the second 
set, Beams 2-1 to 2-5, they were 20 in. apart. It was felt that it would be desirable to have the 
constant moment section farther away from the load points. Two No. 2 stirrups were used 
at each end of the second set of beams to aid in preventing an early diagonal tension failure 

An 8 in. gage length Berry strain gage with a multiplication ratio of 5 to 1 was used to take 
all strain readings. The dial gage used with the strain gage was graduated in 0.001 in. divi- 
sions. Readings could usually be repeated with accuracy to the nearest 13 of a division of 
the strain gage; thus, the strain could be measured with accuracy to about 0.000008 in. per 
in. This is an upper limit of the accuracy and was probably not obtained at all times. A 
deflection gage was mounted on the loading table to measure vertical deflection of the beam. 


Testing 


A load of 1000 Ib was initially placed on the specimen and then released. (See Fig. 5 for 
load diagram.) A complete set of strain readings was then taken for zero load and checked 
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Fig. 5—Typical loading system for beams loading head 
| loading beam 
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specimen 
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by an alternate reader. It was found the different readers could agree with one another 
to 14 of a division of a 0.001 in. gage. Readings were taken at predetermined regular intervals 
of loading so that plotted points would be evenly spaced along the final curves. The procedure 
then was to load the beam and take a complete set of strain readings and make observations 
of cracks. Cracks were detected with the unaided eye, but with the use of a strong lamp 
so that the surface was well illuminated. All visible cracking was marked with a pencil at 
the end of each loading increment. The extreme limit of each crack was noted (See Fig. 
6 and 7). The process of loading and taking strain readings and tracing cracks was continued 
until the beam began to experience difficulty with diagonal tension. The beams were not 
loaded to failure. Cylinder tests were taken immediately after the loading of the beam so 
that the age factor would not influence the modulus of elasticity of the concrete. The com- 
pression cylinders were tested in a 200,000 lb hydraulic testing machine. A standard 10-in 
gage length was used when measuring strain. The average secant moduli of elasticity taken 
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at 0.45 f.’ for the concrete was 3.35 x 10° psi for the first casting and 4.02 x 10° psi for the 
second casting. Fig. 8 shows the stress-strain curves for the two concretes and the steel 

The loading of the beam was preplanned so that several sets of readings were taken before 
cracking began in the beam. This was necessary so that EJ could be determined for an un- 
cracked section. As the load was increased and the beams began to crack, the depth of cracks 
was fairly constant at the various load increments and the spacing of cracks was somewhat 
regular throughout the midsection of the beam. This uniformity of cracking was probably 
caused by the high bond steel which tends to induce a uniform pattern of relief of the 
tensile strain in the concrete. As loading continued the cracking pattern was continually 
marked. Additional cracks opened up on occasion, but in general the initial cracks penetrated 
more deeply with increase in load 
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In plotting the strain readings as a function of depth to obtain the angle change at midspan 
it was noticed that the position of the neutral axis gradually crept upward as the moment 
increased. This in itself, that is, movement of the neutral axis, indicates a change in the 
moment of inertia of the midsection of the beam. 


RESULTS 


The stiffness of a beam is reduced as cracking is produced. In most cases 
when a moment crack in a beam occurs, the occurrence is sudden and the 
crack penetrates relatively deeply into the beam. This causes a sharp decrease 
in the absolute stiffness. Results from 33 reinforced concrete beams tested 
at the University of Illinois support this idea. In a paper by Gaston, Siess, 
and Newmark,*® a portion of the presentation of their work involves a dis- 
cussion of percent of maximum moment versus angle change at midspan of 
beam, which was plotted for each beam (Fig. 9). These beams were loaded 
at third points so that a constant moment section over the center portion 
of each beam was produced. Although most of the emphasis in these plots 
seems to be on a comparison of the portion of the curves at failure, an initial 
portion of this plot up to about M = 0.20 M,,a. shows that the initial tend- 
ency of the curves is to start at a steep slope, then at about M = 0.20 Mag, 
to proceed at a flatter slope to about M = 0.80 M,,., after which the plot 
flattens out rapidly. Although the information in these curves is not com- 
plete and accurate enough to closely support this thesis, the general tendency 
in a number of cases is as described above. This general shape of curve is 
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shown in Fig. 9. The value of FJ for the curve above M = 0.20 Mig, is 
estimated to be in the order of 60 percent of the initial value. 


When transforming the diagram of percent M versus angle change at mid- 
span of beam into an M versus F/ diagram, the transformation becomes 
two horizontal lines without any definite transition between them, since 
EI is proportional to the value of the slope of the line in the plot of percent 
M versus angle change at midspan of beam (EJ = k M/0). (See Fig. 9.) 


Fig. 6 and 7 show a plot of FJ in lb-in. squared times 10° versus moment 
in kip-in. for the nine beams tested. The smooth curve connects the measured 
values of EJ. The upper values of LJ are compared with the calculated values 
of EI for gross section with transformed area of steel. The lower values of 
EI are compared with calculated values of EJ for a cracked section with 
transformed area of steel. As one observes the curves presented, which also 
are plotted for varying percentage of steel, a pattern seems to be prevalent 
among the plots, in that the smooth curve is of Gordon-Rankine form. Fur- 
ther, one will note that the differences of the “high” values and “low’’ values 
of EJ are farther apart, generally, for lower percentages of steel and closer 
together for the higher percentages of steel. This would say, then, that the 
stiffness of a beam for a low percentage of steel would vary more with respect 
to moment than for a beam with a high percentage of steel. 


TABLE 1—CALCULATED DESIGN AND TABLE 2—VALUES OF EI FOR GROSS 
ULTIMATE MOMENTS SECTION AND NET SECTION WITH 
TRANSFORMED AREA OF STEEL 
WHERE E/ IS BASED ON E = 1000 f.’ 
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The comparisons of calculated values of EJ with the lower values of 
measured EJ seem to form a pattern such that the differences fall in ap- 
proximately the same range. However, the comparisons of the calculated 
values of EJ for gross section with transformed area of steel compared with 


the higher measured values of L/ seem to be more erratic. This, in part, may 


be attributed to experimental error. Since the experimental error was con- 
stant, the percentage error at the low values of moment would be much 
higher than for the higher values. 

Table 1 shows values of the design moment .V,, and the ultimate moment 
M,, based on the equations WV, = M,/1.8 and M, = bd? f.’q (1 — 0.599) 
in ACI 318-56, appendix. The values of MV, and M, are shown on Fig. 6 
and 7. 

When a design moment is based on the peak volume of a moment diagram, 
then lower values of moment will have higher values of moment of inertia 
according to the distribution given by the EJ versus MW curve for values of 
moment between 0 and M,. As the curves indicate, then, the value of 
moment of inertia can vary as much as 100 percent along the length of the 
beam as bending moment varies from zero up to the design value. 

Table 2 shows values of EJ for both the gross section with transformed 
area of steel and net section with transformed area of steel where the modulus 
of elasticity is based on 1000 f.’.. In most cases the EJ value by this method 
shows better agreement with the experimental results than the more precise 
measured value of F taken from the stress-strain curve. 


CONCLUSIONS 


The writer does not feel that it is possible to draw formal conclusions at 
this time; that is, conclusions the designer may use for design information. 
However, certain summary statements and thoughts may be presented. 

1. There appear to be two general values of FJ, a value in the upper 
range and a value in the lower range which compare somewhat with calcu- 
lated values as presented. It is well to note that the stress and strain in the 
concrete for the uppermost plotted point did not leave the straight line 
portion of the stress-strain curve. 

2. It appears from the comparisons made that calculated values of E/ 
are somewhat on the conservative side. 

3. The percentage of steel reinforcement effects the range of values of 
EI that a beam might have. 

$. Since the bending moment usually varies with respect to span, and 
since the EJ value varies with respect to bending moment, in the process 
of frame analysis, one possible way of describing stiffness would be by the 
effective value of a member. This would require an extensive theoretical and 
experimental study to determine effective stiffness values. 

5. Values of EJ where EF is based on 1000 f.’ show better agreement with 
the experimental results than when £ is taken from the stress-strain curve of 
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the concrete used. This appears to have some merit but may not be a good 


general statement since £ = 1000 f.’ is an approximation. 

It is felt that two areas where additional studies are needed are: 

1. The investigation of experimental values of LJ for beams with com- 
pressive reinforcement, which the author is presently conducting. 


2. Investigations of values of EJ for beam columns which are cracked. 
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Rheological Behavior of 
Hardened Cement Paste 
Under Low Stresses 


By J. GLUCKLICH 


A set of simple static experiments with hardened cement paste is de- 
scribed to yield the deformational response of the material to low stresses. 
Using a mechanical analogy, this behavior can be described by the 
following elements connected in series: (a) a linear spring; (b) elements 
transmitting force by friction; (c) a body composed of a linear spring in 
parallel with a dash pot (a so-called Kelvin body); and (d) as in (c), 
except that the piston in the dash pot is made to move in one direction 
only by means of a nonreturn valve. 


Alternatively, instead of (c) and (d), a body composed of a dash pot 
in parallel with a spring which includes slippage elements as in (b). 


Creep behavior of the material is the superposition of two deformations: 
nonreversible creep with a relatively short time of retardation, and a 
reversible creep with a time of retardation one order of magniiude longer. 


Quantitative results and the dependence of the various parameters on 
factors such as water-cement ratio and age are briefly mentioned. 


@ THe opsect OF THE PRESENT RESEARCH was the study of the behavior of 
hardened cement paste under low stresses, i.e., before detectable cracking be- 
gins, and thus before the deviation from the visco-elastic relationship com- 
mences. Data were obtained with a few simple static tests along the lines of 
tests in 1932 by Bingham and Reiner.' Deviation from the test procedure of 
Bingham and Reiner, however, showed that one of their conclusions were 
erroneous. Their creep tests lasted only 7 months, and this made them 
attribute secondary creep to viscous flow, whereas the same test, when ex- 
tended to 2 years, and correlated with a repeated loading test, reveals that 
the material is a solid. 

The problem has generated many, and often contradictory, theories. An 
excellent survey of existing theories of the creep of concrete is given by Neville.” 
Since behavior of concrete is governed by many factors, the experiments re- 
ported here were performed with as many factors as possible under control. 
For instance, to eliminate undesirable moisture transference with the atmos- 
phere, all specimens were coated with a thin, but effective, plastic skin. This 
also insured identical curing conditions for all specimens. 
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J. GLUCKLICH, a research fellow in the division of mechanics, 
Israel Institute of Technology, Haifa, is engaged in the investi- 
gation of the mechanical properties of building materials. In 
the last 4 years, he has been concerned mostly with concrete. 
His approach to basic research problems has included the use 
of the relatively new tool of rheology. 











The results are typical of the many results obtained in the investigation, 
and therefore this paper bears the character of a qualitative work. This, 
however, is for the sake of brevity. For the same reason the influence of such 
factors as water-cement ratio and age on behavior are only briefly mentioned. 

Bending tests were used mostly in this work since, due to rotations which 
superimpose distortions, the over-all deformations in such a test are greatly 
magnified and permit observations by simple means under low loads of short 
duration. 


TESTS 


Three series of tests (A, B, and C) were made with slender beams 83.5 x 2.27 x 2.27 em (32.9 x 
0.86 x 0.86 in.). One series (D) was made with cylinders 10.0 cm in diameter x 15.4 cm long 
(3.94 in. in diameter x 6.06 in. long). The specimens were of three water-cement ratios (by 
weight): 0.24, 0.28 and 0.32, and tests were performed at various ages to study the effect of 
W/C and age on the rheological properties. The results presented here will, however, be con- 
fined to the group with a W/C of 0.32 for the sake of brevity. 

The cement was ordinary portland cement. Specimens were prepared, stored, and tested 
under controlled conditions of 16 C (61 F) and 95 percent relative humidity. Thev were coated 
immediately on demolding with a polysterene benzol solution which formed an effective skin, 
sealing the material from the atmosphere; thus, curing was of the retention type. Periodic 
weighings of the specimens showed that variations in weight in 80 weeks did not exceed 1.5 
percent of the total weight. Specimens were not tested before the age of 1 month. 


Test A—Instantaneous deformations 

A simply supported beam was centrally point-loaded by a hanger and weights. Deflections 
at the center were measured by a 0.0001 in. dial gage. To exclude all time-dependent deforma- 
tions, the weights were not left acting on the beams as the loading progressed, but were re- 
moved after each loading step. In fact, the procedure was to apply a load, to note immediately 
the deflection, and then to remove the load without delay. An increased load was then simi- 
larly applied. This procedure followed Bingham and Reiner.' The loading progressed up to 
fracture. 


Test B—Time-dependent deformations 

Beams were simply supported on two parallel knife-edge supports. They were centrally 
point-loaded by weights specially made to yield maximum bending moments of 2, 4, and 8M, 
where M is the bending moment produced at the center by the dead weight of the beam. There 
were two or three beams for each type of load and for each W/C. This loading arrangement 
was maintained for 2 years, and is still in progress undisturbed except for periodic deflection 
observations for which the specimens are transferred to the measuring device which consists 
of two supports of the same span with a 0.0001 in. dial gage rigidly secured to the base at half 
span. Means are provided to ensure exactly the same positioning of the beam on the supports 


for successive observations. 
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Fig. 1—Arrangement for horizontal load- 
ing of beams for Series C 
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Test C—Repeated loadings 


In Series B, recovery on removal of load could not be observed for there was always the 
dead weight of the beam. In Series C, therefore, the arrangement was changed so that the 
live load acted horizontally and deflections were also measured horizontally, a plane in which 
the dead weight of the beam had no component. On removal of the superimposed load, re- 
covery for no load can thus be observed. (Actually, the beam is secured in such a way that 
its center does not move even in a vertical plane due to the selected points of support.) The 
arrangement is shown in Fig. 1. The beams were loaded by a central point load, and deflections 
were observed for 5 weeks, after which they were unloaded and recoveries observed for at least 
7 weeks. Four such cycles were repeated. For each W/C there were three beams that were 
loaded with 2, 4, and 8 kg (4.41, 8.82, and 17.64 lb), respectively. On loading and unloading, 
instantaneous deformations were also noted 


Test D—Axial compression 


Electrical resistance strain gages (Philips type PR 9211, gage factor 2.06 = 1.5 percent 
were fixed on a cylindrical specimen, two in an axial sense and two in a circumferential sense, 
in four diametrically opposite points halfway along the height. For each cylinder there was 
a dummy cylinder of the same W/C and age. The cylinders were compressed in a 10-ton 
hydraulic loading machine. Loading was affected in 250 kg increments up to 2.0 tons, and 
readings were taken of axial and circumferential strains versus load. As it was desired to dif- 
ferentiate between immediate and delayed responses, this stage was carried out in a minimum 
time. After that the load was maintained (by means of the load-maintainer device) constantly 
at 2.0 tons for 48 hr, and strain gage readings were noted against time. The load was then 
removed and the strain gage readings were noted for both the instantaneous and the delayed 
responses, the latter up to 5 days 


RESULTS AND ANALYSIS 


Fig. 2 is a typical result from Series A. It represents the load-deflection 
curves for instantaneous deformations up to fracture of beams with a W/C of 
0.32, each curve being a mean of three or four beams, and the effect of age is 


shown. This confirms Bingham and Reiner’s result that the material, right 


up to fracture, is obeying Hooke’s law of proportionality. The accepted motion 
of a curvilinear relationship is therefore not correct when strictly instantaneous 
response is considered. Nonlinearity is due to delayed deformations which 
are included when the loading is carried out in the conventional manner.* 

As these curves are the result of loadings rather than unloadings, there is 
no way of telling from this test whether the deformations are entirely reversible 
“Nonlinearity may result from structural changes, such as internal cracking. This is not considered here since 


the present investigation was limited by the appearance of the first crack. This is the case in the bending of slender 
beams such as were used in the present investigation which fail completely on the appearance of this first crack 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1959 


Fig. 2—lInstantaneous_ re- 
sponse of hardened cement 
paste beams in flexure. 
Central point-loadings versus 
central deflections in simply 
supported beams for Series 
A. Each curve is a mean of 
three or four beams 
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DEFLECTION, 10°* 1m 


or perhaps include permanent set* in which case the slopes of the curves are 
not true measures of Young’s modulus. However, if a permanent set is 
present, it must be concluded that it, too, is proportional to stress. 

Age increases the stiffness of the beams at a diminishing rate. From curves 
such as in Fig. 2 it appears that after 10 to 12 months elastic aging can be 
considered as completed. 

Fig. 3 represents typical results of both Series B and C. The continuous 
curve is the time-dependent deformation, or creep, as obtained from Series B, 
for a load equivalent to 4.0 kg (8.82 lb) concentrated at the center. As men- 
tioned before, the loadings in this test produced maximum bending moments 
increasing progressively by a factor of 2. The resulting curves, one of which 
is shown, indicated fair proportionality between rate of creep and bending 
moment. The cyclic curve is a result of Series C, and it represents the behavior 
of a beam under alternating load and no load, the load being equal to 4.0 kg 
(8.82 lb) in all four cycles. Other curves for other loads are not shown but all 
time-dependent deformations showed fair proportionality to load. Time- 
independent deformations showed good proportionality to load. The creep 
curve of Series B is a mean of three beams. The cyclic curve represents one 
beam. Only results for a W/C of 0.32 are illustrated, but the investigation 
indicated that the mobility,f as reflected from Series B, is affected by W/C, 
decreasing with it but at a decreasing rate. 

The cyclic curve enabled the differentiation between the reversible and the 
nonreversible creeps, generally called primary and secondary creep, respec- 
tively.f 

It appears that for the load and for the time under load used, the secondary 
creep reaches a limiting value within the first 17 weeks. After that the material 
becomes purely elastic, although part of the elastic strain is not instantaneous 
but delayed, in that all deformations are then reversible. The fact that the 

Permanent set is here defined as the time-independent nonreversible deformation. 

+Mobility, for the purpose of this paper, will be defined as the time-rate of deformation for unit load irrespective 
of whether the deformation is elastic, viscous, or of any other type. 

tTo derive the curve for the secondary creep, an asymptotic value was assumed for the recovery of each cycle. 
The remaining was the residual deformation which included both secondary creep and permanent set. The latter, 


obtained from the difference between instantaneous deformations in loading and unloading of the respective cycle, 
was then subtracted from the residual deformation leaving a net value of secondary creep. 
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Fig. 4—Instantaneous deformations from 

-. a series of repeated loadings and un- 

alll om loadings for Series C. Central point- 
load = 4.0 kg 


maximum deformation attained at the end of each loading phase falls slightly 
from cycle to cycle is probably due to aging which appears to influence the 
delayed elastic strains more than the instantaneous ones. If it was not for the 
aging, one would expect the total deformation of each cycle to exceed slightly 
that of the preceding cycle, the amount depending on the duration of preceding 
recovery, the reason being that each new loading commences from the still not 
completely recovered delayed elastic strain of the preceding cycle. The actual 
deformations, as seen from Fig. 3, exhibit this behavior when the effect of 
aging is taken into account. 

Fig. 4 shows instantaneous deformations against time from Series C. In 
contradistinction to Series A, where differentiation between the elastic and 
permanent parts of these deformations could not be made, this could be done 
in Series C.* The difference between these two curves is the permanent set 
which is quite appreciable in the first cycle, still existent but smaller in the 
second cycle, and nonexistent after that. 


Fig. 5 represents stress-strain curves of the loading (approximately time- 
independent) phase of Series D, which is the axial compression of cylinders. 
Only data for a W/C of 0.32 are shown. Both axial and circumferential curves 
are approximately straight lines and the ratio between the abscissas at any 
ordinate would be Poisson’s ratio. At the low range of stress used, and with 
time-dependent deformations almost completely excluded, this linearity can 
now be understood. 


*The instantaneous deformations measured in this series were plotted in the figure. As becomes evident when 
comparing these points with the loading diagram in the figure, the points representing “‘loadings’’ were connected 
to give one curve and the points representing ‘‘unloadings’’ connected to give another curve. The former is the 


“total instantaneous deformation” curve, and the latter the “elastic instantaneous deformation” curve 
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Fig. 5—Instantaneous response of hard- 
ened cement paste cylinders in com- 
pression. Axial stress versus axial and 
ii circumferential strains. Age = 1 month. 
10 20 30 40 SO 60 70 80 90 100 190 120 . - 
stRAm, 10° Each point is a mean of two samples 
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Fig. 6—Time-dependent re- 
sponse of hardened cement Bes CS MS Scere 
paste cylinders in compres- . . tao | eek oo ieerweueewre 
sion. Age = 1 month. Each at 

point is a mean of two samples Bik 
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Fig. 6 shows the deformation versus time for the entire Series D for both 
axial and circumferential deformations. It appears that the former behaves 
as would be expected of a visco-elastic material and in agreement with the 
behavior in bending (Series C). The latter, however, shows an erratic response 
for the time-dependent phases indicating a noncontinuous process in lateral 
deformations. 


DISCUSSION 


Curves like those of Fig. 2 and 5 point to the fact, that whatever the rheo- 
logical constitution of the material, it certainly possesses a free Hookean ele- 
ment. Young’s modulus of this part of the rheological model is in the order 
of 250,000 kg per sq cm (230,000 ton per sq ft) and is only slightly dependent 
on age within 1 to 10 months. 

This elastic deformation, however, does not constitute the entire instantane- 
ous response, for there is also the permanent set as shown in Fig. 4. The in- 
teresting fact here is that this deformation is also present, if to a lesser extent, 
in the second application of the same load. The only explanation which can 
be suggested is that between the first unloading and the second loading a 
partial “healing” took place. This healing did not occur again after the second 
cycle presumably because the material had meanwhile aged. The results for 
pastes of other water-cement ratios, not recorded here, show a lesser healing 
effect with the decrease of water-cement ratio. At a W/C of 0.24, in fact, the 
instantaneous deformations became perfectly elastic immediately after the 
first cycle, a fact which incidentally supports the healing theory, as one would 
expect to connect the healing process with the amount of free water available.* 

A rheological model is proposed for the permanent set as shown in Fig. 7. 
The Hookean spring is not continuous but contains, in series, elements which 
transmit force by friction. There is a great number of such elements with a 
spectrum of coefficients of friction. When a certain load is applied the spring 
is strained, but a permanent deformation also is formed through slippage of 


all the elements whose coefficient of friction is lower than the applied load.f 


*Incidentally, there is nothing in the present investigation to show whether or not there will be a permanent set 
when unloading follows loading immediately, and not as happened in the present case with a delay of 5 weeks 

tin plastic materials these slippage elements are the representation of real slippage within the crystal lattice 
whereas in brittle materials they represent the spreading of cracks up to their stabilization 
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__ M_= COEFF. OF FRICTION Fig. 7—A mechanical model for perma- 
nent set 
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The proportionality between permanent set and load is realized in the model 
by the number of slippage elements that operate for any one load. 

For the creep behavior of the material two alternative theories may be 
suggested: 


First theory 

Assuming that the secondary (nonreversible) creep terminates after a rela- 
tively short time, as suggested by Fig. 3, one cannot look on it as a Newtonian 
flow whether linear or otherwise, as some authors did (e.g., Glanville,* Bingham 
and Reiner,' and Thomas‘) and the material must be regarded as a solid not 
as a liquid. A rheological element that might represent this deformation 
should show some proportionality between load and deformation at any specific 
time after loading. An element meeting this requirement as well as the non- 
reversibility of the deformation is shown in Fig. 8. It is a Kelvin element 
made irreversible by means of a nonreturn valve in the piston (after Cowan®). 
On the basis of this model a relatively short time of retardation of about 2-4 
weeks was calculated. 

The primary creep, as proposed by Reiner,*® can be represented by a Kelvin 
element. In our case the time of retardation was found to be about 20 weeks. 
A curve showing total creep, such as the continuous curve of Fig. 3 is thus a 
superposition of two exponential curves with unequal time factors as illus- 
trated schematically in Fig. 9. The high curvature present at the beginning 
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Fig. 8—A nonreversible Kelvin body 
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Fig. 9—Schematic curve of 


total creep as superposition 
of two deformations 


SECONDARY CREEP 





of creep curves is accordingly the result of the secondary creep which, when 
subtracted from the total curve, will leave a much more uniform curve which 
is nearer a straight line on semilog paper. 


The complete model representation of the material according to this theory 


is illustrated in Fig. 10a. The theory can be reconciled with accepted theories 
of internal structure of the material by interpreting the reversible delayed 
deformation as linked with flow of water within completely saturated zones, 
and the nonreversible creep as a reflection of the flow of water into under- 
saturated zones which is made nonreversible by virtue of capillary forces and 
the surface tension of water. Indeed, if the model is visualized as in Fig. 10b 
rather than 10a, the well-known dependence of secondary creep on submergence 
in water (not tested in the present work) is understood, and also the effect of 
shrinkage on creep.* 


Second theory 


The first theory was based on the assumption that the secondary creep ends 
several weeks after loading as seemed justified from Fig. 3. The evidence, 
however, is not conclusive as the duration of the loading phases was the same 
in all four cycles. If on loading for the fifth time, for example, the load would 
be left to act for, say, 10 weeks instead of 5, the total deformation would reach 


*Theories presented here are based entirely on tests carried out by the author. The above references to the in- 
fluence of submergence in water and to shrinkage on creep are therefore given with reservations. There is no doubt 


in the author's mind that these two factors influence creep but it will be necessary to perform tests similar to those 
presented here with samples submerged in water before the theory can be extended to cover such cases 


~ _ 
Aah setven vanes 


Fig. 10—Proposed models for the be- 
havior of hardened cement paste accord- 
ing to the first theory 
*Diameter of capillaries is such that capil- 
lary head is more than maximum possible 
force in the parallel spring 
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higher values than on previous load- 
ings, and on recovering it may be dis- 
covered that the nonreversible defor- 
mation also increased. Since in this 
case the load would still be the same, 
the conclusion would have to be that 

] the secondary creep depends also on 

| 

} 





deformation and not only on load, 


PERFORAT PIST . . 
/ which would suggest that this creep 


/ is part of a deformation such as of a 


/ ‘ : 
Hl Kelvin body. 


It will be recalled that in Series D 








= the lateral creep was a discontinuous 


process in distinction to the axial 
creep. No blame can be placed on 
 § the strain gage technique (which is 

usually unsuitable for long term test- 

Fig. 11—Proposed model for the be- img), since the axial gages behaved 
havior of hardened cement paste accord- quite normally, and the conclusion 
ing to the second theory must therefore be drawn that the 








reason lies with the formation of small 
vertical cracks already under the low stresses used (the highest stress reached 
was 25 kg per sq cm (356 psi). Jones’ has already shown that only axial 
cracks form in an axially compressed cylinder, but the fact that such cracks 
appear under the lowest of stresses seems to be a new observation. Moreover, 
when loads were removed immediately after reaching 25 kg per sq cm (356 
psi), all strain gages, including the circumferential ones, reverted back to their 
zero readings, which means that in these cases the cracks were not yet formed. 
These cracks would therefore be the result of what may be termed ‘“‘static 
fatigue.” 

The static fatigue has been explained by the author*® as the result of the 
gradual transference of load from the liquid to the solid phase in a Kelvin 
body. It therefore seems logical to assume that, if further testing along the 
lines described in the first paragraph of the second theory will show that in- 
deed the secondary creep depends on the magnitude of the reversible deforma- 
tion, the secondary creep is the macroscopic manifestation of the formation of 
minute cracks in the course of the deforming of a Kelvin body. Thus second- 
ary creep is part, the nonreversible part, of a deformation of a nonperfect Kelvin 
body in the same manner as permanent set is the nonreversible part of the 
deformation of a nonperfect Hooke body. In fact we could name the secondary 
creep ‘“‘delayed permanent set,” and could represent the behavior of the 
material by means of a model as in Fig. 11.* 

*It was previously stated that the scope of the present investigation is limited by the appearance of the first 
crack, yet here some of the mechanisms of deformations below this limit are explained by assuming some cracking 
The discrepancy is one of degree; permanent set and the proposed delayed permanent set appear under the lowest 
of stresses, ultrasonic pulse technique will not reveal them, yet strain gages may. They are apparently caused by 


the formation of minute cracks. The cracks which cause deviation from linearity, and which lead ultimately to 
failure. are much larger, and are detectable by means of such techniques as the ultrasonic pulse method 
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For the verification of this theory, further experimental work is necessary. 
It would also be of value to perform creep tests on beams with strain gages 
attached to the tension face of the beam. Erratic strains indicated by these 
gages in contrast with a continuous deflection as obtained by continuous read- 
ings of a dial gage in contact with the center of the beam, would provide a 
means of checking the theory. The erratic deformations will indicate a process 
of microscopic cracking and the continuous deflection of the center will then 
be explained as the macroscopic manifestation, or the aggregation, of these 
micro-deformations. 
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Design of Anchor Bolts in Foundations 
By C. A. LEE* 


It has seemed to the writer that some im- nection with heavy grinding mills. It is 
provements could be made in the common _ worth serious consideration whenever shock 
practice in foundation bolting of heavy load is a problem (see Fig. 1). 
machinery. Let us consider for the first case 
machinery subject to heavy shock loads. We 
are reconciled to having occasional trouble 
with a bolt snapping off in the root of thread. 
When this happens, it is necessary to cut 
off the bolt below the top of the concrete 
and weld on a new threaded end. It seems 
that this sort of trouble could be eliminated. 











Standard practice is to develop the strength 





of the bolt through bond. Stress is maximum ; . . 
at top of concrete but tapers off towards zero = Cc D 
at foot of bolt. Unit strain is proportional . 

to the stress at each point and cumulative in > : Greased 
the length of bolt. The ratio of stress to * : : to destroy 
total strain is of importance to absorb shock , bond 

and would be decreased if bolt were under full : 

stress all the way down. Any decrease in ; er ‘% 
ratio is favorable with shock loads. In other : s val oo 
words: shock loads would be better handled if ; ; ra - 


~< ’ 


sf 


‘ 





bond were destroyed and end anchorage 





We can go further—assume that the bolt . roe | 


~rn 0 pb 
+ 
is 4 in. in diameter with 6 ft embedment. A 6 a , 

4 in. threaded stub could be welded to a 3-in ® = ; ae 


shank, with an anchor plate at the bottom 
LT 


designed accordingly.t » ae 9 











Then highest stress would come in the 3-in. >= 
shank rather than at root of the 4-in. thread 

Strain will be distributed accordingly. This Fig. 1—Anchor bolt with shank smaller 
principle has been successfully used in con- than thread; greased to destroy bond 





*Member American Concrete Institute, Design Engineer, U. 8S. Steel Corp., Chicago, IIl. 

#Strain is in proportion to stress for the concrete as well as for the bolt. The concrete is actually compressed 
as bolt is stretched. The bolted-down machine base may be considered as floating between two stiff springs 
the steel bolt and the concrete foundation. Deformation is divided between the two. Under shock load, there 
is a*cyclic redistribution of the deformations. A lower ratio of stress to total strain means now that stress does 
not_increase so much with increase in strain for upper half of cycle. There is not so much stress at root of thread. 
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Fig. 2—Extra slab thickness required to 
give embedment necessary for specified 
bond 


A second problem is that in which shock 
load is not seriously involved. Consider a 
hundred bolt-cluster distributed over a 5000 
sq ft mat 21 in. thick. Assume that mat is 
reinforced top and bottom and that there is 
no question as to strength of the mat in 
properly distributing the various concentrated 
loads. If the bolts are 1% in. in diameter 
many specifications require 45 in. embedment 
below the sleeve; and extra depth of slab will 
be required for each group. Extra layout 
work is required and a lot of pick-and-shovel 
work. Probably extra bent-bar reinforcement 
will be thought necessary as shown in Fig. 2. 

Suppose bond is neglected and the bolt is 
designed on a basis of shear as a measure of 
diagonal tension. A substantial anchor plate 
would be required but could be based on a 
depth of 17 in. embedment and extra concrete 
depth would not be required (Fig. 3). Ob- 
viously there would be a substantial saving. 

In a way, it is interesting that it should be 
thought necessary to thicken footings simply 
to provide required for anchorage of bolts 
through bond. We drill holes in existing 
concrete and set rag-bolts 10 or 12 diameters 
deep. 
at still less depth with reasonably satisfactory 
results. * 


We set bolts with expansion anchors 
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The Problems and Practices sec- 
tion is an open forum on everyday 
topics. JOURNAL readers are in- 
vited to contribute their solutions to 
problems that occur in the field or 
office—whether common or un- 
usual. 


Perhaps your solution is a better 
way of handling some everyday 
problem that others are looking for. 
Give your fellow ACI members the 
benefit of your experience on these 
problems. 


Items appearing in this section 
can vary from 100 to 1000 words. 
It is an ideal place for those prac- 
lical items generally considered too 
short to be submitted for publica- 
tion, but containing material of po- 
tential importance to a great many. 











A moderate amount of local anchorage or 
reinforcement would permit using shallow 
bolts without spalling of concrete if there 
In other words, 
if a slab were designed with sufficient thick- 
ness for the loading within a reasonable mar- 
gin, it should be possible to set foundation 
bolts in that slab. 
Fig. 4. 

These remarks are 
bond is not means to develop 
strength of a foundation bolt. We should be 
willing to use a different basis to meet special 
conditions. Of course, in the ordinary case 
there is no objection to making full use of 
bond stress. 


were any point in doing so. 


A suggestion is shown in 


intended to show that 
the only 





-_ 


= 


a 





Fig. 3—Anchor bolt designed on basis of 


diagonal tension. Large anchor plate 
required but only 17 in. embedment 


Fig. 4—"Shear-head” style reinforcing 
for anchorage using wire mesh rolled into 
a cone 


*Adams, Robert F., ‘““Some Factors Which Influence”the Strength of Bolt Anchors in Concrete,"’ ACI Journal 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


PRESTRESSED PAVEMENT BIBLIOGRAPHY 


By SHU-T'IEN LI* 


FOREWORD 


Sections of prestressed pavement have come into existence only after 
World War II and the technique of its design and construction is still under- 
going development. Any attempt to codify the immature practice at this 
early stage would not seem as urgent as a free-world-wide bibliography of the 
relevant literature. 

The bibliography presented here represents the author’s gradual accumu- 
lation since the first prestressed pavement was constructed at the Paris in- 
ternational airport at Orly, France, by Freyssinet, who has laid down the 
foundation of prestressed concrete in all its applications. 

While prestressed pavement was being introduced to the Orly airfield by 
Freyssinet, the author was inaugurating an advanced course in airport en- 
gineering at the National Peiyang University, China. The course was given 
only to advanced civil engineering students. It was conducted in systematic 
lectures without textbooks. Within a general framework, the contents of 
the syllabus were revised from time to time to incorporate the most up-to- 
date theory and practice. It was for this course that this bibliography was 
accumulated, as a part among other things, and kept in chronological order 
to reveal the advancement of this branch of knowledge. 

This bibliography covers papers, articles, and reports published in the 
technical press and society proceedings of 13 countries: Australia, Belgium, 
Canada, China (Formosa), Denmark, France, Germany (West), India, Italy, 
Japan, Spain, United Kingdom, and United States from November, 1946 to 
February 1959. 

The ably presented, well written, and thoroughly digested report of Sub- 
committee VI, ACI Committee 325, on the world view of the status of pre- 
stressed pavement truly represents the first concerted effort on the subject 
in the United States and will undoubtedly provoke much interest. This 
bibliography is submitted to complement the subcommittee report. 

It is interesting to note that no actual construction or test section, laid 
anywhere since the introduction at Orly, has surpassed the dimensions of 

A part of copyrighted JouRNAL or THE AMERICAN Concrete Institute, V. 31, No. 4, Oct. 1959 (Proceedings 


V. 56). Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 
*Member American Concrete Institute, Consulting Engineer, Mobile, Ala. 
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that project. There the pavement slab was not only prestressed but also 
precast. The strip is 1368 ft long, 195 ft wide, consisting of precast slabs, 
each a meter square and 6) in. thick. The installation uses 45-deg diagonal 
joints making only transversal prestressing necessary. Anchorage of pre- 
stressing steel is secured by heavy abutments. Freyssinet claims that a 61%- 
in. prestressed slab is capable of supporting loads equal to those of a 24-in. 
conventional concrete runway. Further, he claims his runway can support 
aircraft three times the weight of any yet built. This claim was confirmed 
when extensive load tests were made on a test slab at the Orly Aerodrome 
during 1946 and supported a load nearly 10 times greater than that which 
could be expected on the same subgrade when using a conventional concrete 
pavement. 


No further summary of other experimental installations will be attempted 
in this brief foreword. The readers who are interested in prestressed pave- 
ment will get first-hand, original exposition from the literature cited in the 
bibliography. The bibliography has been confined to prestressed pavement. 
To insure successful installation of a prestressed pavement, all the latest 
applicable developments associated with rigid pavements must, of course, 


be taken into consideration during design and construction. 


Among the points to be considered are: 


1. Continuous type pavement without 
prestressing steel, or individual type with 
prestressing steel 

2. Optimum method of placing the steel; 
diagonal or longitudinal with transverse steel 

3. Optimum position of steel 

4. Optimum amount of steel 

5. Prestressing high-tensile _ steel 
wire-cable and cone, or by bar and accessory 


with 


6. Post-tensioning, or 
abutments 

7. How to remove the difficulty of preten- 
sioning 

8. Optimum method for anchoring the 
steel 

9. Kind of steel sheaths, pipes, and saddle 
supports 

10. Optimum thickness of slab 

11. Precast, or cast in-situ 


jacking against 


12. Pattern of slab; rectangular, square, 
or triangular 

13. Criteria for creep, temperature, mois- 
ture, and frictional restraint stresses 

14. Criteria for design value of residual 
prestress for different classes of loading 

15. Optimum spacing of construction 
joints; longitudinal and transverse 

16. Unrestrained or restrained expansion 

17. Optimum spacing of expansion joints 


18. Appropriate size of expansion joints 

19. Kind of construction for expansion 
joints 

20. Whether special expansion joints are 
needed at ends of prestressed slabs 

21. How to construct horizontal curves 
with superelevation 

22. How to construct vertical curves 

23. How to construct overlay type pre- 
stressed pavement 
4. Quality of aggregates 


9 
2 
2 


5. Types of cements; possibilities of ex- 
pansive cements 

26. Optimum water-cement ratio 

27. Desired strength of concrete 

28. How to strengthen the concrete where 
the jack applies a heavy load to prevent 
concrete from spalling 

29. How to prevent wedges from flying out 

30. Relative merits of prestressed pave- 
ment on poor, compressible subgrade, and on 
good subgrade 

31. Optimum preparation of poor, com- 
pressible subgrade 

32. Optimum preparation of good sub- 
grade 

33. Optimum method of reducing sub- 
grade friction 
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34. How to insure riding quality 38. Optimum development of construction 

35. How to provide repairs for utilities equipment 

36. Provision for load tests 39. How to reduce unit costs 

37. Preplanned schedule for taking per- 10. How to organize joint research to 
formance records benefit all concerned 


There can be no doubt of inherent economy of prestressed pavement; 
its physical advantages insure such. The ever increasing wheel loads and 


traffic frequency over highway and airport pavements further accentuate 


this fact in favor of the new composite material versus conventional rein- 
forced concrete. As more actual bids on prestressed pavements are called 
for, contractors will rapidly increase in experience and become better pro- 
vided with both equipment and skilled labor thereby decreasing the con- 
struction cost; this has already proved to be so in other applications of pre- 
stressed concrete. The present barrier does not rest in the prestressed pave- 
ment itself but rather in the reluctancy of engineers to use it. The bibliog- 
raphy reveals convincingly that the prestressed pavement has been used in 
countries subjected to more economic pressure. 
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Merdeka Bridge, Singapore: Investiga- 
tion, design, and construction 
ReotnaLp Joun Houwis-Bee, Proceedings, Institution 
of Civil Engineers (London), V. 11 (Session 1957-58), 
Oct. 1958, pp. 135-168 

Reviewed by Aron L. Mirsky 


Describes an interesting and ingenious 
solution to the problem posed by a swampy 
site with extremely poor foundation condi- 
tions. For minimum weight and maximum 
economy, the twenty-five 80 ft spans were 
constructed on a “bund” which channels 
were later cut; precasting and prestressing 
were fully utilized. The piers are hollow, of 
precast A-frames with cast-in-place sheathing 
walls, and founded on concrete piles and 
caissons. The main deck beams were precast 
and post-tensioned, and the deck system was 
precast and transversely post-tensioned. De- 
sign, and testing (including 
testing of a beam to destruction, investigation 
of the lateral distribution of live loads on a 
finished span, and testing and control of con- 
crete) are discussed. 


construction, 


“Wafer Slab” bridge decks 


P. W. Apetes, The Engineer (London), V. 205, No. 
5341, June 6, 1958, pp. 842-843 


Reviewed by Aron L. Mirsky 


Article (abstracted from a paper presented 
to the Third Congress of Fédération Inter- 
nationale de la Berlin, May 
shallow bridge deck 
design developed by the Eastern Region of 
British Railways for use on electrified lines 
where construction depths must be held to a 
minimum. 
stressed in 


Précontrainte, 
5-12, 1958) discusses a 


The deck units are cast and pre- 
the first stage con- 
sisting of precast inverted T-beams and the 


two stages, 


second stage of concrete placed when the 
beams are so supported that they are free of 
dead-load stresses, and utilize a more highly 
stressed skin; tensile stresses are permitted 
in the concrete. Reinforcement at the joints 
of adjacent units provides satisfactory trans- 
verse distribution. 


Where the English title only is given in a review, 
by a foreign title the work rev iewed is in that language. 
be set in type or is not available, 
lish title. 
are listed in the June “ 
added later. 


Current Reviews" each year. 


For those members who cut apart this section for pasting on cards for card indexes, 


mentary reprints of the “Current Reviews” 


Construction Techniques 


Rail-riding buggy slashes paving costs 
me ny PEREIRA, — Equipment, V. 20, No. 

, July 1959, pp. 31-3: 

One structure on the Cross Bronx Express- 
way is a 1700 ft long viaduct with two 350 ft 
approaches and calls for a monolithic place- 
ment of 11 three-lane-wide deck panels. The 
width of the slab and the height above ground 
(about 40 ft) make it almost impossible for a 
crane to place the concrete directly on the 
deck. The contractor developed a mechani- 
cal dumper for spreading the concrete. It 
consisted of a 2-yd hopper mounted on the 
outside end of the bridge and a buggy travel- 
ing on a bridge to place concrete at any spot. 
This rig cuts 3 hr off paving time and saves 
about 80 man hr a day 
by about $300 a day. 


cusses the new 


, cutting paving costs 
The article 
deck design, the transverse 
and aids for final finishing 


also dis- 


screed finisher, 
of the concrete. 


Design 


Design of arch 
concrete roofs 


J. 8. Terrincton, 
don, Reprint, 1957, 


ribs for reinforced 


Concrete Publications Ltd., 
28 pp., 36 


Lon- 


Title changed from Design of Arch Ribs 
(1937 edition) because of introduction of the 
thin slab vault or shell type of arch rib with 
which this book does not deal. 
method of moments, 
thrusts, and shears at any point in the arch 
rib type of method of 
analysis, and vertical and horizontal loading, 
and then goes into examples for following 
conditions and loadings: (1) free end condi- 
tion (2) fixed end condi- 
(3) fixed ends—hori- 
(4) free end condition— 
load. 


for bending moments, 


Gives the 
calculating bending 


roof. Discusses 


vertical loading; 
tion—vertical loading; 
zontal wind load; 
horizontal wind Tables give values 
normal thrusts, 


shears at various sections on the arch. 


and 


the book or article reviewed is in English. If it is followed 

In those cases where the foreign title cannot conveniently 
the language of the original article is indicated in parentheses following the Eng 
Copies of articles or books reviewed are not available through ACI. 


Available addresses of publishers 


In most cases ACI can furnish addresses of publications 


a limited number of compli- 


section are available from ACI headquarters on request 
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On judging the danger of earth shocks 
to structures (Uber die Beurteilung der 
Gefahrlichkeit von Erschiitterungen bei 
Bauten) 
J. Getcer, Der Bauingenieur (Berlin), V. 34, No. 1, 
Jan. 1959, pp. 19-23 
Reviewed by Aron L. Mirsky 

Author demonstrates that the characteris- 
tics of a structure are as important as the 
magnitude of the earthquake vibrations to 
which it may be subjected, sets up and solves 
the differential equation for the vibration of a 
simple system, and shows that it is important 
to measure the vibrations of the component 
parts and the upper portions of a structure. 
Apparatus for measuring vibrations of small 
amplitude was described in author’s previous 
paper (Der Bauingenieur, V. 30, No. 6, June 
1955, pp. 210-217; “Current Reviews,’’ ACI 
JouRNAL, Nov. 1956, p. 560). 


Damaging earthquake and blast vi- 
brations 
FRANK NeumMANN, Trend in Engineering at the Uni- 


versity of Washington, V. 10, No. 1, Jan. 1958, pp. 4-10, 
24-28 


Oscillator responses to earthquake 
motions—a new approach to the 
lateral force problem 

FRANK NeuMANN, Trend in Engineering at the Uni- 
— of Washington, V. 10, No. 4, Oct. 1958, pp. 4-10, 


Reviewed by Aron L. Mirsky 


In the words of the author, ‘These two 
papers complement each other and explain 
why the seismic force that throws over a 
bookcase is not the same force that causes 
structural deformation in the building hous- 
ing the bookcase.”’ 

First paper concerns intensities and damage 
related to dis- 
cusses displacement and acceleration records, 


absolute accelerations. It 
the two types of quake or blast damage (that 
and that due 
to shear or flexural deformation), the response 


due to acceleration or “force’’ 


of structures to different frequencies, etc., 
and reconciles the conclusions of Crandell, 
Thoenen and Windes, and the author in the 
form of a composite diagram relating ground 
acceleration, ground frequencies and periods, 
displacement, number of stories in buildings, 
and effects. 

Second paper concerns deformations due 
to relative center of 


motion between the 
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oscillation of a structure and the moving 
ground. It discusses earthquake spectra, 


the author’s quantitative earthquake in- 
tensity grid and its use as a tool for measuring 
spectrum intensities, and the determination 
of the maximum lateral force; and makes rec- 


ommendations for further studies. 


On the solution of rigid frames by the 
column analogy 
Tuomas D. Y. Fox, and Tune Av, Proceedings, ASCE, 
V. 85, No. ST1, Jan. 1959, pp. 103-112 

The paper presents rigorous proofs of the 
applications of column analogy to the analysis 
of single-span rigid frames whose supports 
may be fixed or hinged. 


A new approach to the calculation of 
bar and bond stresses in reinforced 
concrete (Ein never Ansatz zur Be- 
rechnung der Draht- und Haftspannun- 
gen im Stahlbeton) 
Hans Burver, Der Bauingenieur (Berlin), V 
10, Oct. 1958, pp. 382-388 

Reviewed by Aron L. Minsky 
Hooke’s Law 


and that equilibrium is satisfied, author sets 


. 33, No. 


Assuming only that holds 
up the general differential equation which 
he then solves for several major cases (tem- 
perature change, creep, shrinkage, prestress- 
ing, ete.) by considering the pertinent boun- 
dary conditions. The reinforcing steel is 
assumed to be fully bonded, and the concrete 
is taken to be in the form of a prismatic body 
(more exactly, a cylindrical specimen) with 
axially-placed reinforcement; no bending is 
admitted. Results are compared with photo- 
elastic experiments (models of Araldit with 
glass and duralumin fibers as reinforcement, 
as used by de Vasconcelos) and with empirical 
formulas which are shown to give results in 
good agreement; discrepancies are analyzed. 


Rectangular flat slabs supported on 
columns (in Swedish) 
Henrik NYLANDE Rn, Nordisk Betong (Stockholm), V. 3, 


No. 2, 


155-176 


Reviewed by Marcaret Corsin 


1959, pp 


Presents an analytica) method ior determin- 
ing the moments in a two-way reinforced 
rectangular flat slab supported along the 
edges and carried on a column in an interior 
panel. Determination of moments is based 
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on the yield line theory (Johansen). This 
theory yields a higher limit of load carrying 
capacity than that obtained by means of the 
plastic theory, which disregards the mem- 
brane effect. 
among various conceivable types of yield 


Thus a selection must be made 


lines to arrive at the type resulting in lowest 
load-carrying capacity. The requirement is 
that the type of yield lines be relatively 
Results of investigations by the 
author in an earlier publication are used to 


simple. 


determine optimum moment distribution and 
a comparison with the elastic theory is made. 
Application of the design method described 
is illustrated by examples. 


Design of pyramid roofs 


J. S. Terrincron, Concrete Publications Ltd 
don, reprinted 1957, 22 pp., $ 


Lon- 


Discusses types of pyramid roofs and their 
stability under vertical loading. Develops 
formulas for three different cases of connection 
and support: Case 1, a structure having no 
connection between the adjacent planes at 
the ridges and supported vertically and hori- 
zontally along the lower edges; Case 2, a 
structure connected at the ridges and sup- 
ported vertically only along the lower edges; 
Case 3, 
but supported vertically at the lower corners 
Under each case, the following effects 


a structure connected at the ridges 


only. 
are discussed: (a) the primary thrust down 
the triangular 
thrust at right angles to it, that is, parallel 


surfaces; (b) the secondary 


to the bottom edges; (c) the weight of each 
panel acting normal to the plane of the sur- 
face, causing bending as in the triangular 
After de- 
veloping the formulas, examples are worked 
for the various conditions. 


slabs supported on three edges. 


Wind effects on roofs 


Building Research Station Digest 
May 1959, 8 pp. 


England), No. 122 


Discusses the characteristics of wind and 
affecting geo- 
graphical varia- 
bility, and effect of buildings on wind flow. 


factors its speed, such as: 


variability, topographical 
Under pressures due to wind gives basic wind 
pressure formula and design wind pressure 
based on basic wind pressure. Describes in- 
ternal pressures, effect of pitch of roof, local 


pressures, direction of wind. Other factors 


are considered 
hangs, roofs, and the special 
applications of lightweight house roofs of 
low pitch or other special roofs. Charts show 
recorded wind velocities for 9 hr, maximum 
gust speeds throughout England, pressures as 
affected by height of building, pitch of roof, 
and type of roof. 


strength and stability, 
mono-pitch 


over- 


Economical design of reinforced con- 
crete structures (in Swedish) 
Nordisk Betong (Stockholm), V. 3, 


1959, pp. 67-76 
Reviewed by MarGcaret Corsin 


Arne RINKERT, 
No. 1, 


A relatively low percentage of reinforce- 
ment can be most economical in structures 
which are submitted to moments due to live 
loads alone. The grade of concrete should 
also be taken into account. If the structure 
is acted upon by moments due to live loads 
alone, the concrete should be as low-grade 
On the other hand, if the struc- 
ture is also subjected to moments due to 


as possible. 


dead load, the concrete should be as high- 
grade as possible. 


Design of domes 


J. S. Terrincron, Concrete Publications Ltd. 
don, reprinted 1957, 31 pp., $1 


Lon- 


Develops and applies the theory for the 
design of dome shell roofs. Discusses the 
general conditions for stability and calcula- 
tion of stresses due to uniform load and con- 
centrated load at the crown. Then, applies 
this in an example of the design of a hemi- 
spherical dome shell. Develops formulas for 
thin spherical domes of varying thickness and 
works example of application. Describes 
graphical method and then checks results of 
Applies 
theories to flat dome roofs, pile foundations, 


analyses of previous examples. 


and conical dome. 


Analysis of a cylindrical shell roof 
with edge beams 


F. A. Gerarp, Transactions, Engineering Institute of 


Canada (Montreal), V. 2, No. 4, Dee 
174 


1958, pp. 168- 


Author’s thesis for Ph.D. (London, 1956), 
“The of Cylindrical Shell Roof 
Structures’”’ deals with a radically different 
and original method for analyzing cylindrical 
shell roof structures. This article is taken 
from Chapter V of the thesis with the subject 


Analysis 
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matter condensed and rearranged so that the 
discussion would meet the requirements of 
those whose prime interest is in method appli- 
cation. Solution is outlined and illustrated 
by worked examples, theory is discussed in 
Appendix A, and a further worked example 
involving prestressing of edge beams is dis- 
cussed in Appendix B. Works several 
examples and compares stresses or forces at 
different points to results by several other 
methods. 


Shear strength of reinforced concrete 
beams 

Sipney A. GuRALNICK, Proceedings, ASCE, V. 85, No. 
ST1, Jan. 1959, pp. 1-42 


“Shear failure’ of concrete beams is rec- 
ognized as the failure under combined com- 
pression and shear of the concrete above a 
diagonal crack. Rational interaction equa- 
tions for the failure of plain concrete under 
this stress combination are developed on the 
For the 
equations to be applicable, the strength of 
the particular concrete in direct compression 


basis of Mohr’s failure theory. 


as well as in direct tension must be known. 
The latter is determined satisfactorily from 
the modulus of rupture. The equations are 
used to develop a rational theory of shear 
strength of beams without web reinforcement. 
A tentative extension is made to web-rein- 
forced cited 
which show satisfactory agreement. (The 
paper is a condensation of a doctoral disserta- 
tion prepared at Cornell University under the 
direction of George Winter. 


beams. Numerous tests are 


Materials 


Use of sodium alignate for improving 
concrete mixes 


D. Darev, L. Linzm, K. Bagv, and D. Dancuev, 
Comptes Rendus, Academie Bulgare Science (Bulgaria), 
V. 10, No. 2, 1957, pp. 117-9. Reviewed in Chemical 
Abstracts, V. 52, No. 4, 1958, p. 3299; Building Science 
Abstracts, V. 31, No. 7, July 1958, p. 201 

Highway Researcu ApsTRACTS 

Mar. 1959 

Sodium alignate made from a Black Sea 
seaweed improves the consistence, compac- 
tion, and frost resistance of concrete. With a 
water-cement 0.62, the 28-day 
strength can be increased by about 8 percent 
by addition of 0.01 to 0.05 percent of the 


ratio of 
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additive. The stability of the dispersion of 
the cement particles is so high that the con- 
crete is not segregated by vibration during 
transport. 


Initial grinding of blast furnace cement 
components (De la prémouture des 
composants du ciment de haut four- 
neau) 

L. Buonpiavu, Revue des Matériaux (Paris), No. 513, 
June 1958, pp. 153-158; No. 514-515, July-Aug. 1958. 
pp. 204-207; No. 516, Sept. 1958, pp. 243-255 


Reviewed by Puiture L. Metvitie 


A study of separate grinding of slag and 
clinker used for the 
furnace cement. 


blast 
To obtain blast furnace slag 
cement having equal fineness to portland 
cement requires 20 percent more power, and 
to be equal in strength it requires 80 percent 
more power. The question is studied from 
different angles: higher strength, effect of 
long-time storage, and power consumption. 
Results indicate that grinding 
does not improve cement quality while using 
more power but that it does somewhat re- 


production of 


separate 


duce deterioration after long storage periods. 


A new system of notation for mortars 
proposed by the Scandinavian mortar 
committee (in Swedish) 


Virotp Saretrox, Nordisk Betong 
No. 2, 1959, pp. 145-154 
Reviewed by Marcaret Corsin 


Stockholm), V. 3 


All figures are given by weight. Examples: 
a lime mortar, now denoted 1:4 by volume, 
should be designated K 100/800. A cement 
mortar, 1:4 by volume, is denoted C 100/400. 
A lime-cement 2:1:12 by 
contains equal quantities of lime and cement 
(by weight), and is designated KC 50/50/600. 
The new system is intended to replace the 


mortar, volume, 


traditional systems, which are based on pro- 
portions by volume. 


Arizona volcanic cinder concrete: A 
comparative study 


A. W. Ross and K. K. Krenow, Bulletin No. 9, Civil 
Engineering Series No. 4, Engineering Experiment 
Station, University of Arizona, May 1959, 63 pp 


In Arizona, deposits of volcanic cinders 


occur in many areas where there are no 
naturally occurring sources of sound, dense 
aggregates. construction in the 


areas having a dearth of aggregates has been 


Concrete 
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expensive because of aggregate hauling costs. 
This study finds that volcanic cinder aggre- 
gates of the types tested can produce con- 
cretes having compressive strength suitable 
for structural use with a reasonable degree 
of economy. These concretes have somewhat 
inferior finishing qualities, but for ordinary 
structural use, the workability is acceptable. 
Describes materials, testing methods and pro- 
cedures, results and conclusions, and design 
criteria and procedure. Appendix contains 
plots of test results, tabulation of material 
properties, mix proportions, and strengths. 


Petrographic investigation of quater- 
nary Danish gravel deposits (Petro- 
grafisk unders¢ggelse af Danske kvar- 
taere grusaflejringer) 
B. SénpERGAARD, Progress Report FE 1, Committee on 
Alkali Reactions in Concrete, Danish National Insti- 
tute of Building Research and Academy of Technical 
Sciences, Copenhagen, 1959, 74 pp. 12 D.kr 
AuTHOR'’s SUMMARY 
The petrographic investigation comprises 
136 samples of quaternary Danish gravel de- 
posits (glacial deposits, beach deposits, and 
materials pumped up from the sea bottom). 
The material was subjected to sieving in frac- 
tions between 4 and 64 mm, and the quan- 
tity of the different rocks determined. The 
result of the analyses is given in extenso in 
tables at the back of the book. 


High-alumina cements 


T. D. Rosson, Architectural Science Review 
V. 2, No. 1, Mar. 1959, pp. 49-56 


Sydney 
High-alumina cements are now made in 


England, France, Spain, Yugoslavia, Ger- 
many, Czechoslovakia, Italy, Japan, United 
States, and Russia. This article discusses the 
history of the cement, including manufacture, 
and goes into the constitution, giving chemical 
composition for the trade names in various 
countries. Discusses the action in hydration 
and physical properties, especially setting 
time, compressive and other strengths, and 
Then, 


structural uses, especially where chemical re- 


miscellaneous properties. discusses 
sistance properties or refractory properties 
are desired. Concludes with warnings, es- 
pecially that (1) concrete with high-alumina 
cements must be water cured during the first 
24 hr; (2) calcium chloride should not be used; 


(3) most waterproofing agents are deleterious 
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in high-alumina cement mixes; (4) sea water 
should not be used for gaging; (5) the use of 
unduly rich mixes for structural high-alumina 
cement concrete is rarely desirable or nec- 
essary. One table compares the development 
of strength of portland cement, high-alumina 
cement, rapid hardening portland cement 
(high-early-strength) with and without ecal- 
cium chloride. 


Mineral aggregates: 1958 revision 
aw No. 23, Highway Research Board, 1958 

This 1958 revision includes and brings up 
to date a prior annotated bibliography on 
mineral aggregates (Highway Research Board 
Bibliography No. 6) published in 1949. It 
comprises a chronologically arranged anno- 
tated bibliography on mineral aggregates in- 
cluding everything available up through 1956. 
Complete indexing both by subject and by 
author makes location of a specific reference 
easy. Also included is a supplementary list- 
ing of references on distribution of mineral 
aggregates arranged by states as included in 
the original 1949 work. 


Pavements 


Sealers for joints and cracks in concrete 
pavements 

Bulletin No. 211, Highway Research Board, Mar. 1959, 
$0.50 


Laboratory tests of sealers for sawed joints 
Wiititram H. Kvennrne, pp. 1-12 


Reports on the performance of sealing 
materials for sawed joints being studied at the 
Portland Cement Association Laboratories 
during 1955-57. This is a continuing program 
of extensibility tests on such sealers, both 
conventional and in the developmental stage, 
in which the joints are opened and closed at 
speeds of the order of 1/32 in. per hr. Shows 
that extensibility is not strictly an inherent 
property of the material but is highly de- 
pendent on the shape factor. Initial joint 
widths must be designed in relation to the 
joint sealer material, 
climate. 


joint spacing, and 
Discusses the materials, tests, types 
of failure, costs of sealers, and concludes with 
several recommendations. 
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Comparative testing of joint sealers in sixteen 
laboratories 


Ecaons Tons, pp. 13-22 


Although the same procedure and specifi- 
cations are followed for the testing of joint 
sealers, the results may be different for dif- 
ferent laboratories. To find out how different 
these results could be, 16 laboratories were 
asked to participate in the evaluation of bond- 
and penetration tests for 


ductility, flow, 


joint sealing compounds. In spite of the care- 
ful planning and control the test results vary 
considerably between the participants. This 
standardization of the 


paper discusses the 


samples and the testing procedures and 


equipment and conditions. The conclusions 
discuss the results of the tests from the various 
laboratories and make recommendations for 


improving test procedures. 


Road pavement thickness design 


methods in Australia 


V. P. O’Grapy, Journal 


Institution of Engineers 
Australia (Sydney), V. 31 51-5 


No. 3, Mar. 1959, pp. 51-55 

AUTHOR'S SUMMARY 
a_ brief description of the various 
Australia 


Gives 


methods used in for determining 
desirable road pavement thicknesses and tests 
conducted and recorded over the past 12 
years by member Authorities of the Confer- 


ence of State Road Authorities of Australia. 


Concrete paving practice: Anything 
but static 
H. A 


May 1959, pp 


tapzikowsk!, Roads and Streets, V. 102, No. 5 


22-134 

Discusses progress made in concrete pav- 
ing methods and also some future expecta- 
Improvements in compacting and 
aggregate 
batching equipment, 


tions. 
grading 
equipment, 


equipment, upgrading 
improved 
conventional pavers, and other equipment, 
are described along with new type mixers, 
slip form pavers, positive type tampers, and 
concrete saws. Paver mixing time, use of 
ready-mixed paving concrete and additives 
a°e described as well as some of the concrete 
specifications, 
Cites 
future needs in development and improve- 


paving research, end result 


and new testing equipment. several 


ment. 
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Precast Concrete 


Concrete trees carry forestry lab roof 
at Yale 


Engineering News-Record, V 
1959, pp. 36-37 


62, No. 19, May 14 


A report on the construction of a one-story, 
106 x 169-ft School of 
New Haven, Conn. 
precast concrete columns with split, branch- 
The 


roof panels, 3 ft wide and 21-27 ft long, have 


Forestry building in 


This building employs 
ing tops, that resemble the letter Y. 


concave convex rounded ends which give a 
sine-wave-shaped line running the length of 
the building. Formwork for this job was in- 
tricate due to the unusual shape of columns 
and roof panels. Wood and plaster molds 
were used for the roof panels and required 


careful maintenance as casting progressed. 


Prestressed Concrete 


Prestressed concrete: theoretical and 
experimental study; Vol. 2, Hypersta- 
tic structures (Béton précontraint: étude 
théorique et expérimentale; Tome Il, 
Constructions hyperstatiques) 
Y. Gvyon, Editions Eyrolles, Paris 
Technique du Ba&atiment et des Travaux 
Paris), 1958, 818 pp., 9300 fr. (about $19 
Reviewed by Aron L 


for the Institut 
Publics 


Mirsky 


When the first 


reviewed in the 


work 
ACI JourRNAL,* it was char- 
The 


term can in all justice be applied to the 


volume of this was 


acterized as truly remarkable. same 


second volume as well. 


But there is another term which comes to 
mind, and which is perhaps even more de- 
scriptive: labor of love. To conceive, re- 
search, correlate, and produce such a monu- 
mental work indicates an author who is not 
only convinced of the value of his subject, 


but is in love with it 


Merely to 
headings would require considerable space, 


attempt to list the subject 
and would not even begin to indicate the full 
extent of the The 
treated (in all except pagination) as a con- 


contents. volume is 


*V. 24, No. 7, Mar. 1952 (Proceedings V. 49), pp. 


607-608. Also the English translation was reviewed in 
ACI Journat, V. 26, No. 8, Apr. 1954 (Proceedings 
V. 51), p. 693. 
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of the 
divided into three parts. 
Part 
terminate (hyperstatic) systems (continuous 
rigid 
frames, etc.) of prestressed construction, and 


volume, which 
In this 
4 covers the elastic analysis of inde- 


tinuation first was 


volume, 


beams, frames and arches, building 


includes a lengthy discussion of parasitic 
of of 
draping the prestressing cables to reduce or 


(secondary) reactions and methods 


eliminate these unwanted secondary reac- 


tions. Included also are a chapter on joints 
particularly temporary joints and construc- 
tion joints (these last being of especial im- 
portance if precast construction is used), and a 
chapter on the relative economics of isostatic 
and hyperstatic construction with prestress- 
ing 

behavior, 


Part 5, nonelastic 


tests 


on reports 


on various hvperstatic prestressed 


systems (including two chapters on continu- 
ous slabs), plasticity (the moment-curvature 
law, plastic rotations, limitations), and a 
final chapter on ultimate design and its appli- 
cation to indeterminate 


prestressed struc- 


tures. 


This work has evidently been intended as 
a textbook. As such it 


and full exposition, numerous sketches, de- 


is marked by clear 
scriptions of various recent structures (both 
French many fully- 
worked little doubt 
that contents will 
have gained considerable knowledge of the 
field (at 


written!). 


and non-French), and 


examples. There is 


anyone who masters its 
least as of the time the book was 
It is thus doubly unfortunate, from 
the viewpoint of the serious student or the 
the book has 
detailed table of 
the end of the book, can fully 


take the place of that. 


practicing engineer, that no 
index; not even the fairly 


contents, at 


A selected bibliography, to supplement the 


rather sparingly used citations scattered 
through the book, would also have been a 


welcome and useful addition. 


book is a 
English 


this real 


or 


Nevertheless, 
plishment. It translation, 
which reviewer hopes will not be long in 


accom- 
an 
forthcoming—belongs in the hands of every- 
one seriously interested in indeterminate pre- 
the of 
structural (not 


stressed structures, and on shelves 


every library catering to 


handbook ) engineers. 


REVIEWS 355 
Losses due to friction in curvilinear 
post-stressing cables (in Polish) 
R. Kowauczyk, Inzynieria i Budownictwo (Warsaw), 
No. 1, 1958, pp. 6-10 
Po.tisu TecunicaL ABSTRACTS 
No. 3 (31), 1958 
A mathematical analysis of losses in post- 
stressing forces due to friction. Determina- 
tion of friction coefficients in cables is made 
and its relation to the above losses is dis- 
Effect these 
losses is also given. 


cussed. of cable rigidity on 


Research on anchoring cables in steel 
sheaths in post-stressed concrete con- 
struction (in Polish) 


M Wotrr, Inzymieria 1 Budou nictwo 
6, 1958, pp. 210-213 


No. 


Warsaw 


Povisn TecuHNicaL AssTRACTS 
No. 4 (32 1958 


of 


37-5-mm 


anchorage 
of 
The cables are first given a 


the 
eables 


Tests concern 


The 


diameter wires. 


spiral 
cables. consists 
zinc bath and then secured in special sheaths 
made of steel cylinders provided with turned 
conical openings. The most effective wedge 
action was obtained with an obtuse angle 
Cables should be loaded 
four or five times during post-stressing with a 


load 


actually required. 


of cone inclination 


5 to 10 percent greater than what is 
Twisted cables proved to 
be more effective in post-stressing than cables 
consisting of parallel wires. 


Properties of Concrete 


Method of taking impressions for ex- 
amination of porous surfaces (in Swed- 
ish) 

Erik Hoosperc, Nordisk Betong 


2, 1959, pp. 139-144 
Reviewed by 


Stockholm), V. 3, 
VO. 
MARGARET CORBIN 
a method of taking 
impressions which can be used to facilitate 


This article describes 


the study of frost resistance of concrete pro- 


duced by air-entraining agents. Accurate 


impressions of brightly polished concrete or 
mortar surfaces can be taken by means of the 
same compound in 


impression employed 


dental practice. The imprints of the air 
pores on the impression are easier to observe 
and to measure in microscopic examination 
than the actual air pores on the original sur- 


face. 
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Some investigations into the elastic 
properties of concrete 
R. G. Ropertson and D. C. Roperrson, Trans- 
actions, South African Institution of Civil Engineers 
(Johannesburg), V. 6, No. 9, Sept. 1956, pp. 277-282 
Reviewed by D. G. Norman 
Tests on about 100 specimens gave figures 
for cube strength, Young’s modulus (in 
tension and in compression), column strength 
(4x 4x 24 in.), tensile strength, and modulus 
of rupture. 
and for compression are also given. 


Stress-strain curves for tension 


Resistance of concrete and mortar to 
chemical attack—Progress report on 
concrete corrosion studies 

J. H. P. van Aarpt, Bulletin Series DB 13, National 
Building Research Institute (Pretoria), Mar. 1955, 
pp. 44-60 


Reviewed by D. G. Norman 


Discusses laboratory experiments aimed at 


assessing resistance of portland cement 


mortars to aggressive agents. 


Deterioration of concrete and rein- 

forced concrete due to chemical and 

naiural agencies 

N. Stutrernem, Bulletin No. 12, National Building 

Research Institute (Pretoria), June 1954, p. 5 
Reviewed by D, G, Norman 

South 


Gives new 


Summarizes deterioration process, 
African experience and research. 
theory for sulfate attack; 


corrosion. 


mentions marine 


Excessive shrinkage of aggregates as 
a cause of deterioration of concrete 
structures in South Africa 


N. Srutreruem, Transactions, South African Insti 


tution of Civil Engineers 
12, Dee. 1954, pp. 351-367 
Reviewed by D. G. 


Johannesburg), V. 4, No. 
NORMAN 

Discusses aggregate shrinkage which caused 
sagging of beams over a fairly wide area in 
South Africa. 
investigations. 


Describes laboratory and field 


Notes on the vulnerability of portland 
cement products to pure or soft water 


Transactions, South African Institution of Civil Engi- 

neers (Johannesburg), V. 7, No. 9, Sept. 1957, p. 266 

Reviewed by D. G. Norman 

Describes work on National Building Re- 

search Institute. Soft waters were found to 
leach away cement. 
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Symposium on some approaches to 
durability in structures 

Special Technical Publication No. 236, ASTM, 1958 
7 pp., $2.50 

nonmetallic 
materials that are generally used in structures 


The symposium deals with 
where weather plays a major part in the dur- 
ability of the structure. 
variations of kinds of exposure and of asso- 
ciated 
Papers cover testing and durability of con- 
tests of 
durability of 


The problems of 


moisture migrations are considered 
sand- 
effects of 
atmosphere on masonry, and relation between 


crete, durability structural 


wiches, buildings, 


actual and artificial weathering. 


Laboratory testing and the durability of concrete 


Tuomas B. Kennepy, pp. 14-26 


Concrete structures cannot be constructed 
and subjected to full-scale tests for durability 
in a manner analogous to load tests. It 
therefore is 
ability of concrete structures by combining 


necessary to estimate the dur- 
information gained from a study of service 
yielded by existing structures, controlled ex- 
posure tests of specimens, laboratory simu- 
lated-service tests, and tests and analyses of 
None of 
these sources of information provide a basis 


concrete and concrete materials. 
for adequately evaluating the effect on dur- 
ability of workmanship, honesty, and intelli- 
gence that may or may not be employed in all 
stages of the operation from production of 
concrete materials to maintenance of the com- 


pleted structure. 


Petrographic examination of aggregates, 
x-ray diffraction studies of cement, freezing- 
both in the 


expe eure 


and-thawing tests of concrete 
field 


ultrasonic pulse velocity tests of specimens 


laboratory and at stations, 


and structures, are recommended means of 
improving knowledge of durability of con- 


crete and concrete structures 


Effect of the atmosphere on masonry and related 
materials 
J. W. McBurney, pp 


45-56 (including discussion) 


Except for corrosion of metals, rather little 
attention has been given to air as a possible 
factor in disintegration of structural materials. 
The common assumption has been that all the 
deleterious substances which in time produce 
disintegration or excessive volume change in 
masonry were present originally in the units 





CURRENT REVIEWS 


or in the mortar ingredients as delivered and 
This effect on 
masonry of such components of the air as 
alkali alkaline 


salts, usually sodium, potassium, calcium and 


used. paper considers the 


carbon dioxide, and earth 


magnesium compounds, sulfur dioxide, and 
moisture as relative 
humidity. 


vapor expressed as 


Cracking of concrete 
F. A. Buakxey, and F. D. Beresrorp, Constructional 
Review (Sydney), V. 32, No. 2, Feb. 1959, pp. 24-28 


Reviews the classification of cracks in 


concrete. These are brought about by three 

general processes: ‘“prehardening,’’ restrained 

shrinkage, and cracking under load. 
Prehardening cracks are known as ‘“‘pre- 


setting,’ “‘plastic,”’ or “‘settlement’’ cracks. 
These cracks are formed when settlement of 
the aggregate and cement pastes meet an 
such as reinforcement or a 
aggregate. The 
cracking is usually about 20 min after placing. 

Restrained 


after 


obstruction 


bridge of coarse time of 


shrinkage is brought about 


bleeding and while the concrete is 


gaining strength. If shrinkage is restrained 
then tensile stresses will develop and cracks 
may appear. 

Cracking under load begins in one of the 
following ways: in the paste, in the aggregate, 
or between paste and stone. 


Statistical quality control of concrete 
and concrete products 


K. W. Day, Commonwealth Engineer 


Melbourne V 
1958, pp. 46-48; No. 6, Jan. 1959 
Feb. 1959, pp. 73-75 


46; No. 5, Dec 
pp. 54-57; No. 7 


A basis for testing and a specification which 


provides a tolerance for the manufacture 
between unusable and unsatisfactory products. 
The second part in this series deals with 


The 


“compressive 


the application of statistical control. 
use of a large size graph with 
strength” versus “date of cast’’ provides at 
a glance the result of any days work in that 
month with regard to the upper and lower 
work- 
water content, specific surface of 


limits of strength. Further tests in 
ability, 
sand, curing temperature, and the Schmidt 
hammer test help not only in graphing these 
variables but results in closer control of the 
further increased with 


concrete which is 


statistical analysis of these results. 
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Part 3 outlines the need and method of 
obtaining reliable test data for use in statis- 
The kind of tests made 
were: concrete strength, water-cement ratio, 
grading. The 
applicability and limitations of these tests 


tical quality control. 


workability, and aggregate 


are discussed. 


Vibration waves in concrete 
N. 8S. Farrar, The Engineer (London), V. 206, No 
5354, Sept. 5, 1958, pp. 378-380; (discussion: Oct. 24 
1958, p. 646, and Dec. 5, 1958, p. 888 

Reviewed by Aron L. Mirsky 


Reports continuation of Plowman’s ex- 
perimental work (The Engineer, Feb. 26, 
1954, pp. 302-303, and May 31, 1957, pp. 
830-832; “Current Reviews,’’ ACI JourNaAu, 
V. 26, No. 2, Oct. 1954 (Proceedings V. 51), 
p. 216, and V. 29, No. 5, Nov. 1957 (Pro- 
ceedings V. 54), p. 440 and outlines develop- 
ment of a theoretical approach to the manner 
in which the particles of the mass of concrete 
Author’s theory of the 
decay of vibration waves is based on the im- 


undergo excitation. 
pedance method of analysis. Correspondence 
between experimental and theoretical curves 
for decrease of acceleration with height above 
base became quite good after an initial period 
of random particle vibration. Author draws 
only one specific conclusion, that the vibration 
waves are nonlinear, pending more compre- 
hensive experiments. 


Accelerated curing tests on concrete 
N. N. B. Onpmawn and N. G. Bonpre, Engineering 
London), V. 185, No. 4798, Feb. 21, 1958, pp. 243-245 

Reviewed by Aron L. Mirsky 


After 
method of accelerated testing of concrete, 
developed under J. W. H. King, 
describe site laboratory set up by the Port of 
London Authority at Tilbury Docks with the 
two 


brief description of oven-heating 


authors 


main purposes of performing normal 
concrete control tests in conjunction with a 
contract for construction of a terminal, and 
of using and developing the new technique. 
tesults of heating 


development work on 


cycles and the maturity-strength law are 
reported. Authors note, among other things, 
that savings in cement due to mix modifi- 
cations made possible at the Tilbury Docks 
site by cioser control of concrete quality, 
using this technique, has far exceeded the 
cost of the laboratory. 

The problem of how best to heat the speci- 
(“‘steamers”’ other methods) 


mens versus 
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soon brought the discussion to a boil. It 
appears in the issues of Mar. 14, 1958, p. 324; 
Mar. 21, p. 355; Apr. 4, p. 419; Apr. 11, 
pp. 451-452; May 23, pp. 666-667; June 20, 
p. 771; July 4, p. 3; and July 11, 1958, p. 36. 


Corrosion of reinforcing steel in con- 
crete in marine atmospheres 
D. A. Lewis and W. J. CopennaGen, South African 
Industrial Chemist, V. 2, No. 10, Oct. 1957 
Reviewed by D. G. Norman 
Corrosion on Natal Coast in South Africa 
is severe. Authors are currently engaged in 


investigating this problem. 


Concerning the nature of the so-called 
protection against shear (Uber das 
Wesen der sogenannten Schubsicher- 
ung) 


G. Kant, Der Bauingenieur 
Oct. 1958, pp. 375-382 
teviewed by Aron L 


Berlin), V. 33, No. 10 
Mirsky 


Author defines Schubsicherung as measures 
taken to provide security against damage 
due to shear (following Mérsch, this means 
increasing the ultimate strength of the beam 
without 


increasing the dimensions of the 


main rein- 


He points out that shear occurs 


cross section or the amount of 
forcement). 
on oblique planes in concrete columns axially 
loaded in nobody 


pure compression, yet 


worries about it. He also describes Seybold’s 
(1933) experiments on shear, both proper and 
diagonal tension, in brittle materials, which 
led to the same conclusion as stated by other 
investigators: the concrete ruptures in ten- 
sion before its ultimate strength in shear is 
reached. 

Major portion of paper is devoted to prob- 
lem of shear in prestressed concrete beams 
with and without bond, and in the prestressed 
beam with bond but without shear reinforce- 
ment (the simply reinforced beam is thus 
considered a special case of this last, with the 
Author 
Schubsicherung 


prestressing force reduced to zero). 
concludes that the 
in reality has nothing to do with protection 


so-called 


against shear stress, but concerns protection 
via bonding, and that simply reinforced beams, 
even those wherein the reinforcement is pro- 
vided with deliberate anchorage in the form 
of hooks, have lower ultimate strengths than 
prestressed beams with bond, because of the 
additional anchorage of the steel in the latter. 
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Special refractory concretes (in Hunga- 
rian) 


A. Cser, Epitoanyag, V. 9, No. 6, 1957, pp. 293-297 


HUNGARIAN TECHNICAL ABSTRACTS 


V. 10, No 1958 
Reports on research conducted on refrac- 


tory concretes which have a ceramic bond 
rather than hydraulically bonded aggregates. 
The bonding of corundum concrete is treated 
in detail and the binding process and physical 
oxvsulfate 


characteristics of concretes with 


and phosphate bonds are also treated 


Structural Research 


Bond of reinforcement to concrete 
(Adhérence des armatures au béton) 
R. Dutron, Revue des Matériaux (Paris), No. 514-515 
July-Aug. 1958, No. 516, Sept 5 pI 23-2 
No. 517, Oct. 1958 57-2 


et) 
pI 


Reviewed by Pau Met 


Bond strength either normal or tangential 


was measured in modified pull-out tests 


Bond was found to be more closely related to 
than the 
and 


flexural compressive strength of 
Bond is a phy 


phenomenon helped by concrete 


concrete mortar. sical 
and mortar 
shrinkage (tangential bond is also increased 
and found, for a given 


by roughness was 


mortar and concrete strength to be higher for 
than 


bars the bar diameter was found to be 


vertical horizontal bars For plain 
without 
effect on bond strength and the coefficient of 
friction between steel and concrete was found 


to be w = 0.5 


Investigations on a model dome with 
arched cut-outs 


L. K. 
London), V. 11, N 


STEVENS V agazine 


1, Mar 


Experimental investigations on a model 


dome of varying thickness and with large 


arched cut-outs around the base are de- 


scribed. 


These investigations include the determi- 
nation of strain distributions under the action 
of uniform and nonuniform conditions of 
moment and thrust at the base, and the con- 
method of 


analysis developed to predict the structural 


firmation of an approximate 


behavior. 
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Shear tests on joints between precast 
post-tensioned units 


L. L. Jones 
V. 11, No. 31 


Magazine of Concrete Research 
Mar. 1959, pp. 25-30 

PI — 

AUTHOR'’8 SUMMARY 


London 


Shear tests on three types of joints be- 
tween precast post-tensioned units has re- 
sulted in data from which the minimum shear 
strength of these joints may be calculated. 
The of the of 
friction of the surfaces at a plain butt joint 
was found to be 0.391 and that of the surfaces 
at a mortar joint 0.645. 


minimum value coefficient 


The results obtained when testing rejoined 
and 
analysis is made which is consistent with the 
mode 


cracked members are discussed, an 


of failure. 


Comparison of the behavior of con- 

crete beams under static and dynamic 

loading 

J. J. Trorr and N. Fox, Magazine of Con te Re 

search (London), V. 11, No. 31, Mar. 1959, pp. 15-24 
AUTHOR'S SUMMARY 

) de- 


the rate of loading 


Describes preliminary experiments t 


termine whether or not 


significantly affects the mechanical properties 
tested 


of conerete beams in flexure. Two 


rates of loading were used: 5 & 1077 in. per in. 
per sec, the rate employed in normal mech- 


anical tests: about 6 K 107? in per in. per sec 
when the beams were tested under impact 


conditions. 
If the 


departure 


onset of cracking is associated with 
of the 
strain curve, it appears that increase in the 


the from linearity 


stress- 


rate of loading markedly effects the strain at 
which cracking begins. 


Model experiments on diagonally in- 
terconnected flat roofs in domes 


tural Science Re 


1959, pp. 33-38 


Sydney 


Article discusses tests and the results for 


four different plans for spanning a square 
The material used for the model was 


(methyl The 


object was to compare diagonally intercon- 


area. 


perspex methacrylate) plastic 
intercon- 


Four different 


nected beams with rectangularly 


nected beams to span the area. 
of 
interconnected beams, eight bays with edge 


beams; (2 


types frames were used: (1) diagonally 


diagonally interconnected beams, 


eight bays without edge beams: (3 diagon- 
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ally interconnected beams, six bays without 
edge beams; (4) rectangularly interconnected 
beams, six bays. All based on spanning an 
area of 40 ft x40 ft supported at corners. 
Also conducted test on a model of a dome over 
45 ft that the 
diagonally interconnected frame with edge 


in diameter. Concludes 
beams and the rectangularly interconnected 
frame, having approximately the same bay 
size, require the same amount of material. 


Experiments made with wall elements 
of large dimensions in a large plate 
building prototype (in Polish) 


Z. Cwrox, 8 
Budownictwo 


and 8S. Zievinskt, Inzynieria i 

No. 2, 1958, pp. 47-51 
PotisH TecuincaL ApsTRACTs 
No. 3 (31), 1958 


ZALESKI 
Warsaw 


feports on experiments that were con- 
ducted to determine ultimate bearing strength 
and deformations of eccentrically and axially 
Data 


experiments have led authors to make cer- 


loaded walls. obtained from these 


tain suggestions relating to bearing strength, 


amount and distribution of reinforcement, and 
behavior of such elements under loading. 


How to make conductive terrazzo 
flooring 

P. J. SeEREDA 
Aug. 1958. pp 
able from the 
Ottawa 


Canadian Builder (Ottawa), V. 8, No. 8 
39-40; reprinted as NRC 4903; avail- 
National Research Council of Canada, 


Deals with the design and construction of a 
conductive terrazzo flooring for use in oper- 
ating rooms in a hospital. Results are given 
of the performance of this type of flooring. 
This article is intended to serve as the basis 


for a specification for this type of flooring 


Tests with cantilever retaining walls 


A. Kuryiio and J. Hrapiux, Bauplanung und Bau- 

technik No. 12, 1957, pp. 526-532. Reviewed 

in Building Science Abstracts, V. 31, No. 6, June 1958 

p 175 

Researcu ApsTRAcTs 
Mar. 1959 


HiGHway 


the 
presented for determining the geometrical 


From tests carried out formulas are 
dimensions of cantilever retaining walls on a 
rigid bed. Three phases can be detected in 
the performance of the vertical reinforced 
concrete wall: the first from the application 
of loading to 80-100 filling; the 
second from 80-100 filling to the 


appearance of the first cracks in the concrete; 


percent 
percent 


the third from the initial cracking to rupture. 
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Loss of stability in walls is due to tilting 
Wedges of soil 
form both on tilting and slip of cantilever 


(walls on an elastic bed). 
retaining walls. On account of the presence 
of the wedge at rupture, the usual method for 
the practical control of the stability of canti- 
lever retaining walls can be regarded as fully 
satisfactory. 


Safety against anchorage failure in 
structures without shear reinforcement 
(in Swedish) 

Arne Hittersore, Nordisk Betong (Stockholm), V 


3, No. 2, 1959, pp. 119-138 


Reviewed by MarGaret Corsin 


Discusses a theoretical and experimental 
study of the risk of anchorage failure in rein- 
forced concrete structural units without shear 
Study that the 


classical assumptions used in the calculation 


reinforcement. reveals 
of bond stresses do not yield an accurate pic- 
ture of the mechanism of failure or of the 
ultimate load. 
proposed based on a 


A tentative design method is 
schematic representa- 
tion of the mechanism of failure which takes 
into account the definite slope of cracks and 
It is pro- 
posed to substitute this method for the pro- 


the presence of uncracked zones. 


cedure based on checking bond stresses used 
today. Tests include simply supported beams 
under concentrated loads sand cantilever 
beams under a uniformly distributed load 
simulating footings. Conclusions: (1) classi- 
cal theory diverged widely from test results; 
(2) standard (Swedish) design yielded fac- 
tors of safety of about 1.5 to 10 whereas the 
appropriate value seems to be 3; (3) values 
obtained by the proposed tentative method 
conformed more closely to test results ob- 


tained. 


General 


The reinforced concrete dome of the 
Melbourne Public Library, 1911 
Daviw A. L. Saunpers, Architectural Science Review 
(Sydney), V. 2, No. 1, Mar. 1959, pp. 39-46 
Melbourne once had the largest reinforced 
concrete dome in the world, but most de- 
signers are not familiar with it. Author in- 
tends to publicize this dome somewhat and 
gives history of the conception, design, and 


construction of the dome. The dome itself 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


October 1959 


was placed during the months of May and 
June 1911. It is still standing and shows no 
defect in the structural 
Copies of drawings show architectural plans 


main members. 


and sections and structural details. 


Architecture to reflect a process—Flow 
line food production in a factory built 
for Heinz 


Engineering 
pp. 576-578 


London), V. 187, No. 4860, May 1, 1959 


Reviewed by Aron L. Mirsky 


Let it be admitted right off that concrete 
does not play the dominant role in this bean 
and soup factory, but not for reasons reflect- 
ing adversely on its characteristics. 


Point made by Michael Ryan, an architect, 
is an interesting one (as to its merits, reviewer, 
who classes himself with the engineers, re- 
serves judgment*): the engineer tends to be a 
specialist; any major structure requires both 
a coordinator and a designer trained to look 
for and design beauty into a structure (rather 
than adding gingerbread as an afterthought); 
the obvious person to serve in this managerial 
and 
{van cites the new 


capacity is the architect. As relevant 
Mr. 


at Kitt Green, Wigan, where 


material evidence, 
Heinz factory 
site peculiarities, flow 


production require- 


ments, employee amenities, and other fac- 
tors were coordinated by the architect, with 
the cooperation of the various engineers, into 
a harmonious, efficient, aesthetically pleasing 


whole. f 


Durability and maintenance of con- 
crete structures on Danish railways 
ARNE Jeppesen, Progress Report B3, Committee on 
Alkali Reactions in Concrete, Danish National Insti- 
tute of Building Research and Academy of Technical 
Sciences, Copenhagen, 1958, 75 pp., 12 D kr 

The author has compiled information and 
data on the durability of concrete structures 
of the Danish State Railways, the techniques 
of repair as they have been developed during 
the last couple of decades, and an analysis 
of maintenance and repair costs versus initial 
costs for the period 1900-1950. 

*He merely calls attention to the trenchant editorial 
in the same issue (p. 565), titled “Who Cracks the 
Whip?” and to an even more robustly-worded editorial 
in Concrete and Constructional Engineering for May. 
1959. 

TA much more prosaic account of this facility, sans 
controversial elements (for those who prefer it that 


way), will be found in The Engineer (London), V. 207 
No. 5391, May 22, 


1959, pp. 809-812. 
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56th Annual Convention 


New York City, March 14-17 


An outstanding program for the 56th annual 
meeting of the Institute has been announced by 
the Technical Activities Committee and the general 
chairman of the New York local committee, Roger 
H. Corbetta, president of the Corbetta Construction 
Co. 

Convention-goers, in session at the Commodore 
Hotel in the heart of Manhattan, March 14-17, 
will hear a technical program geared to be of 
interest to the designer, builder, research man, and 
those in fields related to the concrete industry. 

The Institute’s Board of Direction and Tech- 
nical Activities Committee will begin their work 
ahead of the general sessions with meetings on 
Saturday and Sunday, March 12 and 13. 

Monday, March 14, and Tuesday morning, 
March 16, have been designated “committee days” 
and numerous ACI technical committees will 
convene in open session to review current work and 
aims. 

The first general session will be called to order 
on Tuesday, March 15, at 2 p.m. The first session 
will feature proposed ACI Standards and com- 
mittee reports. 

Concurrent sessions on March 16 will be devoted 
to model tests and highways in the morning, 
materials, and design and structural research in 
the afternoon. On March 17 Committee 201, Dur- 
ability of Concrete in Service, Hubert Woods, 
Portland Cement Association, chairman, will pre- 
sent a symposium on restoration of deteriorated 
concrete. A concurrent session on design and 
construction will also be held Thursday morning. 

Committee 115 will conduct its annual research 
forum on Thursday afternoon, March 17, present- 


j 
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ing latest reports of tests on concrete in prog- 
at institutions throughout the world. 

Annual awards will be presented by Presi- 
dent Phil M. Ferguson at the Awards Lunch- 
eon, Wednesday, March 16. 

The local planning committee are arranging 
a number of to make the 56th 
annual meeting thoroughly enjoyable as well 
as worthwhile. 


ress 


“extras” 


TAC holds summer meeting at 
Waterways Experiment Station 

The ACI Technical Activities Committee 
met August 20-21 at the Waterways Experi- 
ment Station, Jackson, Miss. 

Following the regular business session on 
Thursday, TAC was guest of the Waterways 
Experiment Station Friday at a luncheon at 





REVIEWERS NEEDED 


Betongen Idag 


This publication of Norsk Cement- 
forening, Oslo (in Norwegian) is now 
being received regularly at Institute 
headquarters. A volunteer reviewer 
is needed to keep members informed of 
pertinent papers in this publication 
through the ‘Current Reviews’ section 
of the JOURNAL Those interested 
please write the Secretary of the 
Technical Activities Committee at ACI 
headquarters 


Memoires, Societe des Ingenieurs 
Civils de France 


This publication, in French, is now 
being received regularly at Institute 
headquarters. A volunteer reviewer 
is needed to keep members informed of 
pertinent papers in this publication 
through the ‘Current Reviews’ section 
of the JOURNAL. Those _ interested 
please write the Secretary of the Tech- 
nical Activities Committee at ACI 
headquarters 


Beton Herstellung Verwendung 


This German language technical 
periodical is now being received 
regularly at Institute headquarters. A 
volunteer reviewer is needed to keep 
members informed of pertinent papers 
in this publication through the ‘Current 
Reviews’ section of the JOURNAL. Those 
interested please write the Secretary 
of the Technical Activities Committee 
at ACI headquarters 
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the Station cafeteria and a conducted tour 
of the facilities in Jackson and Vicksburg. 
Col. Edmund H. Lang, director, greeted 
the group and described the functions of the 
Station. The in- 
spection trip included a tour of the soils test 


Waterways Experiment 
section; a walk through work areas of Flexible 
Pavement Branch Mobility Re- 
search Center; and a tour of several hydraulic 
River and Falls; 


St. Lawrence Seaway Project: Narrangansett 


and Army 


models including Niagara 


Bay, and a number of scale model dam sites. 


Institute headquarters 
attracts architects 


International the American 
Concrete Institute was prominent this month 
with the ‘Visitors’ 30 


architects the 


interest in 


Register” showing 
Paris, tour with 
of Architects, 
ACI headquarters recently. 

ACI Ernesto R. Montiel, 
versidad del Zulia, Alvaro 
Martin Engineering Co., both of Maracaibo, 


from on 


French Association visiting 


members Uni- 


and Hernandez, 


Venezuela, were among the many inspecting 
the building during the past month. 


Walter retires from Bureau 
of Reclamation post 

Donald S. Walter ended a 
fessional engineering career with the Bureau 


recently pro- 
of Reclamation which started nearly 40 years 
ago. 

For the past 10 years Mr. Walter has been 
regional engineer for Region 1 of the Bureau 
of Reclamation, which encompasses the states 


Idaho, 
Montana, and western Wyoming. 


of Washington, Oregon, western 
In this 
position, Mr. Walter exercised primary staff 
responsibility over the design and construc- 
of major 


projects as the Columbia Basin and Yakima 


tion functions such reclamation 
projects in Washington, the Hungry Horse 
Dam in Montana, the Deschutes and Crooked 
tiver projects in Oregon, and the Palisades, 
Boise, and Minidoka projects in Idaho. 

A member of ACI since 1941, Mr. Walter 
has been 


active in Institute technical com- 


mittees for many years. He recently served 
of ACI Com- 
mittee 210, Resistance to Erosion in Hydraulic 
Structures, discharged February, 1959. 


term as chairman 


a 3-year 





NEWS LETTER 


PRESTRESSED CONCRETE BEAMS 
for U.S. Route 1 Bypass... 





Cranes lower prestressed concrete 
beam 95° long, 4’ square, and weigh- 
ing 58 tons, onto piers of one of the 
middie spans of the 4-span Ridley 
Creek Bridge. There are 16 beams 
per span. Note “railway” across 
creek at bottom of picture, used to 
trolley one end of beam across creek 
to crane at right. 


Owner: 
Penna. Dept. of Highways 


Engineers: 

Harris-Dechant Associates 

and McCormick-Taylor Associates, 
both of Philadelphia, Pa. 


General Contractor 
Glasgow, Inc. 
Glenside, Pa. 


Contractor for Constructionof Bridges: 
McClain Construction Co., Inc. 
Philadelphia, Pa. 


Manufacturer of Prestressed Beams: 
New Castle, Del. Plant, 

Atlantic Prestressed Concrete Co. 
Trenton, N. J. (wholly-owned 
Subsidiary of Warner Company, 
Philadelphia, Pa.) 


Ready Mixed Concrete for Beams 
Supplied By: Warner Company 
Philadelphia, Pa. 


Placing one of shorter beams for end 
span at Ridley Creek. Mobile crane 
(out of picture to right) is moving 
beam on rail dolly out to meet crane 
stationed on creek bed below. The 
two cranes then move beam to final 
position. 


e Ridley Creek Bridge, pictured here, is one of seven bridges 
required in the 8 mile long bypass around Media, Pa. Over 400 
prestressed box beams, ranging in length from 40’ to 95’, were 
used in these structures. 


Factors influencing the choice of this modern bridge construc- 
tion technique were low initial and maintenance costs, ease and 
speed of erection, and the trim appearance of prestressed 
concrete. 

In manufacturing the prestressed beams for these bridges, 
Atlantic Prestressed Concrete Company used Lehigh Early 
Strength Cement for maximum production efficiency. Units 
were completed quickly, ready for trucking to the job siie as 
neea ~d. 

This is another example of the advantages of Lehigh Early 
Strength Cement in modern concrete construction. 


LEHIGH PORTLAND CEMENT COMPANY 


ALLENTOWN, PA. 





POZZOLITH .. . makes good concrete better 


NAVAL AIR TEST FACILITY— Lakehurst Naval Air 
Station, N.J. Construction Agency: Bureau of 
Yards and Docks of the Navy Department. Con- 
structed under the direction of the District Public 
Works Officer, 4th Naval District, Philadelphia, Pa. 


Official U, 8. Navy Photograph 


¢ Consulting Engineer on Pavements: Louis Berger 
& Associates, Orange, New Jersey * Contractor: 
Roscoe Engineering Corporation & Associates, 
Washington, D.C. « Pavement Sub-Contractor: 
S. J. Groves & Sons Company, Woodbridge, N. J. 


900 psi flexural strength— 


POZZOLITH helps meet this requirement 
at The Naval Air Test Facility 


The Runway Arrested Landing Site of 
the Navy’s recently completed $23,000,000 
test facility required concrete of unusually 
high quality. 

To withstand anticipated stress of jet 
planes simulating aircraft carrier land- 
ings, reinforced concrete having a flexural 
strength of 900 psi was specified. 

Preliminary mix designs—with cement 
factors ranging up to 8) sacks per cubic 
yard and with the water-cement ratio of 
4.0 gallons per sack—did not provide a 
workable mix with the required high 
flexural strength. 

The following mix was then employed: 
Cement, Type 1—729 lbs. — (7*« sks. 
Sand (SSD) —1,000 Ibs. 
C#A.—Trap Rock— 


(Houdaille, Ind., Bound Brook, N.J.) 


34”—895 Ibs. 144”—1342 Ibs. 
Water (total) — 28 gal. (3.62 gal./sk.) 
PozzoLiTH 


This mix was workable and developed 
a flexural strength of 951 psi in 7 days 
and 1114 psi in 28 days. Compressive 
strength averaged 8537 in 28 days. 

Because of these high strengths the 
water-cement ratio was later increased to 
3.75 and the cement factor reduced to 
7% bags. Flexural strength of the revised 
PozzOLITH mix averaged 981 psi in 28 
days. 

For further details on the performance 
of PozzouirH on this and other airfield 
projects write to 


The Master Builders Company, Cleveland 3,Ohio 
Division of American- Marietta Company 
The Master Builders Co., Ltd., Toronto 15, Ont. 
International Department, New York 17, N.Y. 

Branch Offices in all principal cities. 


STER BUILDERS. 
POZZGLITH 


*POZZOLITH is a registered trademark of The Master Builders Company for its concrete admixture 
to reduce water and control entrainment of air and rate of hardening. 
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Positions and Projects 





ACI technical 
committee appointments 


Listed below are committee members who 
have recently accepted appointment to ACI 
Included are new 


technical committees. 


appointments only. 


Committee 336, Combined Footings 
W. Fuchssteiner 
Consulting Engineer 
Darmstadt, Germany 
Elwyn E. Seelye 
Seelye, Stevenson, Value and Knecht 


New York, N. Y 


Committee 337, Strength Evaluation of 
Existing Structures 
Charles W. Yoder 
Charles W. Yoder & Associates 
Milwaukee, Wis. 


Committee 712, Precast Structural Con- 
crete Design and Construction—Joint ACI- 
ASCE 

Kenneth C. Naslund 

The Engineers Collaborative 

Chicago, Ill. 


Committee 717, Practice in Low-Pressure 
Steam Curing 

Edward Mangotich 

Arizona Precast Concrete Co 

Phoenix, Ariz 

R. J. Sweitzer 

Lock Joint Pipe Co 

Wharton, N. J 


American-Marietta acquires 
Cedar Rapids company 

Concrete Materials and Construction Co., 
Rapids, 


stone, sand, and gravel, has been acquired by 


Cedar Iowa, supplier of crushed 
American-Marietta Co. 
Grover M. 


American-Marietta, reported that the Cedar 


Hermann, chairman ol 


Rapids company and its associated firm, 
Concrete Materials Company, will be oper- 
ated as an independent Division of American- 
Marietta 


management, personnel, or facilities 


There will be no changes in its 


McGinnis appointed chairman 
of ACI Committee 402 


Howard J. McGinnis, Structural and Rail- 
ways Bureau, Portland Cement Association, 
Chicago, has accepted chairmanship of Com- 
mittee 402, Floor Finishes. Mr. 
McGinnis is a member of ACI Committee 
101, Specifications for Structural Concrete. 


Concrete 


IBPC selects Stockholm as 
site for 1960 congress 


The international organization of the pre- 
cast concrete industry, International Bureau 
for Precast hold its third 
international Stockholm, June 
16-22, 1960 at Sankt Erikshallen. 

The 


concrete 


Concrete, will 
congress in 
Swedish 


association of the precast 


industry, Cementvarufabrikernas 
tiksforbund, has arranged the meeting. Agne 
J. Sandberg, president of the international 
organization, is serving as chairman of the 
congress committee 

The preliminary program includes 3 days 
of working sessions and discussions; 2 days 
for visits to industries, building projects and 
areas in and 
boat 


modern residential near 


Stockholm; excursion by in the archi- 
pelago of Stockholm: and other social events 
Immediately adjoining the congress hall 


there will be an international exhibition 


including finished concrete products of 


various types and the raw materials em- 
bodied, as well as machinery and equipment 
used for production 

Details available from the Congress Secre- 


tariat, P.O. Box 14045, Stockholm 14, Sweden. 


Rockwin forms prestressed 
concrete consulting group 


tockwin Prestressed Concrete ( ‘orp , Santa 
announces the formation 
fockwin 


engineers, exclusively for specialized service 


Fe Springs, Calif., 
of an engineering consulting group, 
in the prestressed concrete field. Services 
will be available to architects and engineers 
only. 

Steven Galezewski, a pioneer in prestressed 
concrete in this country, heads up the group 
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A-M CONCRETE PIPE 
| tailored to the fill— 


to save you 
money! 


FOR HIGHEST FILLS AND HEAVY 
LOADS, Hi-Hed, is the most economical 
permanent sewer and culvert pipe because 
it is designed for minimum vertical load 
and maximum lateral support. 


FOR AVERAGE FILLS, round concrete 
pipe is the most economical permanent con- 
duit and American-Marietta saves added 
dollars through nationwide technical and 
manufacturing services. 


FOR LOW FILLS, Lo-Hed, is the most 
economical permanent pipe because it offers 
maximum capacity under minimum cover 
and has inherent strength for greater 
resistance to impact. 


AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GEMERAL OFFICES 
AMERICAN MARIETTA BUILDING 
10} EAST ONTARIO STREET. CHICAGO 11, ILLINOIS, PHONE. WHITEMALE 4 5600 





NEWS LETTER 


National paving record 
set in Michigan 

Michigan recently laid claim to a national 
record for laying pavement on the Detroit- 
Chicago expressway. The Highway Depart- 
ment announced that the Pierson Construc- 
Saginaw, placed 6242 ft of 24-ft 
thick the Detroit- 
Chicago expressway, US-12, in a 12-hr. work- 


tion Co., 


wide, {-in. concrete on 


ing day near Watervliet in Berrien county. 
The previous I-day record was set by the 

same contractor on US-12 on July 17 when 

6050 ft were placed. 

100 miles of the Detroit- 


Chicago expressway are currently under con- 


Over 220-mile 
struction and another 80 miles are open to 
traffic. 


Lee leaves Concrete staff 


Douglas Lee, editor since October, 1956, 
Mr 


advertising 


has left Concrete magazine Lee is now 


associated with an agency, 
Chicago. 


the 


Perrin-Paus Co.., 
New 
Anderson, 


Jack 
Brick 


editor of magazine is 


former editor of 


Record 


associate 


and Clay 


Guntin joins Sika 
technical sales staff 

Daniel has joined the 
sales staff of Sika Chemical Corp., 
N.J 


contractors in the metropolitan 


Guntin technical 
Passaic, 
He will serve architects, engineers, and 
New York 
area. 

the 
Guntin is a member of the American Concrete 
Institute, The Concrete Industry Board of 
New York, and the N. Y. Chapter of the 


Concrete Specifications Institute 


Active in concrete industry, Mr 


Sendker named New England 
manager for Alpha Cement 

Francis T. Sendker has been named New 
England manager by Alpha 
Portland Pa. His 
appointment follows the September 1 retire- 
ment of Melville B. Chard who formerly held 
the position. 

Mr. Sendker, who will occupy Alpha’s New 
England headquarters in Boston, was formerly 


district. sales 


Cement Co., Easton, 


sales representative for the company in the 


Syracuse area. He holds a civil engineering 
degree from Syracuse University 


member of ACI and ASCE. 


and is a 


Carter succeeds Spears as PCA 
Salt Lake City district engineer 

The Portland 
announced the 


Carter as Salt 


has 
Alan C, 
district engineer. 


Cement Association 

appointment of 
Lake City 
He succeeds Ralph E. Spears, who has been 
named Regional Structural Engineer for the 


association’s west central region 


Huron Cement to erect new 
engineering building and lab 
Plans to build a new 24,000 sq ft building 
at the Alpena, Mich., the 
Portland Co. announced re- 
cently. building the 


personne! 


mill of Huron 
Cement 


The 


engineering, 


were 


new will house 


laboratory, and 
departments 

The 2-story structure will be erected inside 
the main gate. Construction is expected to 
start early this fall with completion scheduled 
for the spring of 1960. 
Harry 


The building was 


designed by Fleischer of New York 


City. 





ACI Records System Revised 


Effective about Oct. 1, 1959, 
ACI membership records will be 
converted to the IBM _ punched 


card system of record mainte- 
nance. This decision by the Ex- 
ecutive Committee was prompted 
to assure speedier and more effi- 
cient handling of membership 
records at less expense. 

Under the new system, dues in- 
voices, and JOURNAL and other 
large mailings will be handled 
mechanically in a fraction of the 
time now required. 

Should your JOURNAL fail to 
reach you, or is misaddressed, 
due to the records changecver, 
please notify ACI headquarters 
so prompt correction can be made. 
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Darex Diary 


Member, American Concrete Institute 
Technical Service Manager, Construction Products 
W.R. GRACE & CO. 

Dewey and Almy Chemical Division 


by Mel Prior 


(No. 17 of a series) 
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“SLOW MOTION” FOR BETTER CONCRETING 


Rerarpine the set of concrete has 
many other purposes besides overcoming the 
difficulties caused by hot weather. Retar- 
dation is particularly useful when large 
volumes of concrete are to be placed, or when 
the placing must be done over a longer period 
than usual. Proper retardation helps pre- 
vent such bad results as cold joints, thermal 
volume change resulting from too rapid a 
rise in temperature, and the failure of the 
concrete to bond to reinforcing steel. 


On big jobs, there are often long waits 
between placements because of widely-spaced 
deliveries, time required to move forms, and 
problems with difficult placements. In situ- 
ations of this kind, the surface of the first- 
placed load of concrete may set before the 
next load is ready. When this happens, a 
“eold joint’? results—there is little or no 
bond between the two placements of concrete. 
This weakens the structure and provides a 
channel for the flow of water, causing further 
damage. This problem can be overcome by 
using DARATARD to slow the setting rate 
of the concrete, which then remains plastic 
until the second placement is made. This 
results in a firm bond between the two 


When concrete sets rapidly, its temperature 
often increases greatly, which can cause 
cracks, with weakened concrete as the end 
result. This process is intensified in large 
volumes of concrete. Three factors are 
involved: the amount of heat generated by 
the hydration process, the rate at which this 
heat is generated, and the speed at which it 
is dissipated. Normally, the rate of heat 
generation is far greater than the rate of 
dissipation, so that heat builds up in the 
concrete, causing cracks. With the proper 
use of DARATARD, the rate of heat gener- 
ation can be reduced almost as low as the 
dissipation rate, so that there is no great 
amount of heat built up in the concrete at 


w.re.GRACE «co. 


any one time, and cracks are prevented. 
Not only is cracked concrete inherently weak, 
but water and water-bearing salts can pene- 
trate the cracks and weaken the concrete 
even further. The proper use of DARA- 
TARD prevents the original cause of this 
evcle of difficulties and greatly reduces the 
risk of such concrete distress. 


In bonding concrete to steel reinforcements, 
there are many situations in which the bond 
will break because the concrete sets too fast. 
Bridge slab construction is a typical example. 
As concrete is placed on the bridge girders, 
they bend under the weight. The concrete 
slab itself also moves under its own increasing 
weight as more and more concrete is placed. 
If the first-placed concrete sets and therefore 
loses its plasticity before the last of the con- 
crete is placed, the total weight of the com- 
plete placing can cause movement beyond the 
elastic limit of the first-placed part of the 
total. The newly formed bond to the rein- 
forcing steel will be broken and cracks will 
develop in the slab. The concrete will thus 
be weakened on two counts. 


Here again, DARATARD can prevent 
such damage by preserving the plastic 
properties of the first-placed concrete until 
the entire slab has been placed. 


The water reducing properties of retarders 
can also be used to good advantage in main- 
taining adequate workability with a minimum 
water content. This feature is particularly 
advantageous in hot weather. It is well 
known that concrete strengths suffer in hot 
weather not only because of increased water 
demand, but also due to the inherent effect 
of temperature on proper strength develop- 
ment. Hence, any steps that can be taken 
to improve strength under such conditions 
should not be overlooked. DARATARD 
will accomplish this task 


GRACE 


DEWEY AND ALMY CHEMICAL DIVISION 


Cambridge 40, Mass.; San Leandro, Calif.; Chicago 38, Ill.; Montreal 32, Canada 





NEWS LETTER 


Day retires after 54 years 
in architectural field 

Clarence E. Day, vice-president and 
director of Harley, Ellington and Day, Inc., 
Detroit architects and engineers, has retired 
after 54 years of service in the architectural 
field. 

He became a partner of Harley, Ellington 
and Day in 1939 and was made vice-president 
in 1942. He will continue to serve the firm 
on a consulting and advisory basis. 


Three ACI members form 
new consulting service 

Three prominent structural engineers, 
Donald KE. Anderson, Jack R. Janney, and 
Kenneth C. Naslund, have selected Chicago 
as headquarters for their new consulting 
service, The Engineers Collaborative, which 
offers nationwide coverage. The new firm 
also maintains a model analysis laboratory in 
Des Plaines, Ill. 

Mr. Anderson and Mr. Naslund were 
formerly associated with Skidmore, Owings 
and Merrill as assistant chief structural 
engineer and chief structural engineer, re- 
spectively. Mr. Naslund is a member of 
ACI-ASCE Committee 712, Precast Struc- 
tural Concrete Design and Construction. 

Mr. Janey has been an independent con- 
sultant since 1956. Prior to that time he was 
associated for many years in the Research 
and Development Laboratories of the Port- 
land Cement Association. He is chairman of 
ACI-ASCE Committee 712, Precast Struc- 
tural Concrete Design and Construction, 
and a member of ACI-ASCE Committee 
323, Prestressed Reinforced Concrete 


Stone and Webster appoint 
three assistant vice-presidents 

Appointment of three assistant vice-presi- 
dents of Stone and Webster Engineering 
Corp., two in Boston and one in New York, 
has been announced by T. Cortlandt Williams, 
president of the world-wide engineering and 
construction organization 

The new assistant vice-presidents are 
Robert S. Boyd, appraisal manager; J. 
Marshall Hamill, administrative assistant in 
Boston, and Wilbur S. Roberts, Jr., manager 
of new business activities of New York. 


QuIcK 


pocket 
penetrometer 


Thousands in use for the 
strength classification of cohe- 
sive soils on field exploration 
or construction sites and in 
preliminary laboratory studies. 


Direct Reading Indicator main- 
tains the Reading until reset. 


PRICE $15.00 F.O.B. CHICAGO 


4711 W. NORTH AVE © CHICAGO pes aizagnd ILLINGIS 
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At Kinross Air Force Base... 
~~ . 
~=__ World’s heaviest 


HE “JET AGE” IS HERE. And with it is 
the problem of re-building airports 
to provide the longer, stronger, heavier 
runways these big jets need. That’s why 
airport builders and designers are plan- 
ning thicker, stronger airfield pave- 
ments with extra-heavy reinforcement 
... pavements that will match or exceed 
present jet requirements. And that’s 
why the heaviest welded wire fabric 
ever produced was installed at the vital 
Kinross Air Force Base in Michigan. 
Operational jets in commercial service 
now impose gear loadings in the neigh- 
borhood of 130,000 Ibs., with gross 
weights of 295,000 lbs. Future models 
may go even higher. For that reason, 
only reinforced concrete provides the 
added strength to meet the unusually 
heavy and severe requirements of the 
“jet age.’ Specify USS American 
Welded Wire Fabric for reinforcing all 
runways, high speed turnoffs, taxiways, 
and service pads. . . get these important 
advantages: 
* USS American Welded Wire Fabric 
distributes heavy wheel loadings over 
a larger area to prevent harmful over- 
loads at any one point. Impact, shock, 
suddenly applied or released loads 
such as occur during landings and 
take-offs are more uniformly ‘“ab- 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Alabama. Southern Distributors 
United States Steel Export Company, Distributors Abroad 


sorbed” by each slab. Reinforced con- 
crete slabs are 30% stronger than un- 
reinforced slabs of equal thickness. 
USS American Welded Wire Fabric 
prevents harmful cracking from de- 
veloping because of its uniformly 
spaced high-tensile-strength welded 
steel wire construction. Its action 
“knits” a slab together. 
USS American Welded Wire Fabric 
unifies the action of any slab when it 
expands and contracts due to tem- 
perature change. 
Longer, wider slabs can be laid when 
USS American Welded Wire Fabric 
is used. This means fewer joints, 
fewer load transfer assemblies. The 
reduction in the number of joints not 
only means economy, but also a 
smoother, safer landing surface. 
When existing airfield pavements 
must be strengthened, USS Ameri- 
can Welded Wire Fabric reinforced 
concrete overlays will produce un- 
broken grade lines and provide addi- 
tional strength. Thus, maximum 
economy is achieved. 
Specify USS American Welded Wire 
Fabric. It’s available in a wide variety 
of styles, lengths, and widths . . . in wire 
sizes from 14” diameter to 16 ga. and in 
longitudinal or transverse wire inter- 
vals of 2” to 16”. The engineers at 
American Steel & Wire will be glad to 
tell you more about the application 
possibilities of fabric and how it can 
serve your needs. Get in touch with 
American Steel & Wire, Dept.9207,614 
Superior Avenue, N.W., Cleveland 13, 
Ohio. 


USS and American are registered trademarks 


Contractor: Loselle Constructio Wyandotte, Michigar 
Paving Material Supplier: Scioto Supply Company, Lansing, Michigan 


Design and Supervision: Corps of Engineers, U. S. Army 


At Kinross Air Force Base, workmen are installing a section 
of USS American Welded Wire Fabric—Style 55-7/07/0 
(7/0 Gauge is 0.490" Diameter Wires). USS American 
Welded Wire Fabric is entirely fabricated by electrically 
welding all intersections of the high strength steel wires. 
This insures positive placement of the steel in the slab and 
eliminates costly field tying and extra handling. 





NEWS LETTER 


Welded Wire Fabric 
helps the big jets land safely ! 











~ = S= +VALUE 
= CONCRETE 


Under the direction of the U. S. Corps of Engineers, another new United States Air Force Base is made ready to join our air 
defense network. It is Kinross, located on the upper Peninsula of Michigan. This base was expanded to handle bigger, heavier 
modern jet aircraft. USS American Welded Wire Fabric was used in the rigid overlays on the strengthened and lengthened runways. 


ss) American Welded Wire Fabric 
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LOS ANGELES INTERNATIONAL AIRPORT, 
COMPLEX |, EAST-WEST RUNWAYS 
les Angeles, Colifornia 


ity of Les Angeles 
Pereira and Luckmon, Pavi R. Williams, 
Welton Beckett & Assoc 
Donald 8. Warren Co. and S. 6. Barnes 
Griffith Company 

jreav of Standords, City of Los Angeles 
Griffith Compony 
Poving concrete 


Owner 
Architect: 
Engineer: 
Contractor: 


Laboratory: 
Moraconcrete: 
Structure: 


Give CONCRETE 
INCREASED STRENGTH 


AND GREATER DURABILITY...WITH... 


WATER-REDUCING 


ADMIXTURES for CONCRETE 


MARACON® promotes more complete hydration 
of cement particles and permits a substantial 
reduction in the unit water content without loss 
of plasticity or consistency of the mix. Low water 
content means greater durability and resistance 
to weathering. 


A. Minimize shrinkage in concrete before 
and after hardening, due to lower water 
content and more complete hydration 
of cement. 

B. Decrease permeability. 


C. Achieve greater density and higher dura- 
bility factors. 


2 = LOWER CONCRETE COSTS:— 4 


DISTRIBUTORS 
West of the Rockies, East of the Rockies 
Hawaii and Alaska Truscon Laboratories 
Admixtures, Inc. Division of 
965 N. Fair Ooks Ave. Devoe & Raynolds Co., Inc. 
Pasadena, California 1700 Caniff, Detroit 11, Mich. 


(Mississippi only) 
Ready-Mix Concrete Company 
Meridian, Mississippi 
Use the coupon for more information. 
i olaeatisardiieatieeiaetiaeatinantnatnntantaatiaatianttaeataaieetieedte| 
MARATHON © A Division of American Can Co. | 
CHEMICAL SALES DEPT. *» MENASHA, WIS. 


| Send additional information on Maracon to: — 
| NAME 
1 COMPANY. 

ADDRESS 


A. Maintain slump and workability at low 
W/C ratios.* 


B. Attain higher strengths without increas- 
ing cement content of a mix.** 


C. Permit economical redesign of conven- 
tional concrete mixes. 


*Decrease water by as much as 20%... 
**Increase strengths by as much as 40%... 
depending on the mix design. 
(The above figures are not represented as 
maximum. Greater percentages have been 
achieved in both respects.) 


MARACON also reduces water requirements 
in concrete mixes containing pozzolanic 


materials, 


MARATHON 


A Division of American Can Company 
CHEMICAL SALES OEPARTMENT 
MENASHA, WISCONSIN 





NEWS 


Carolina Solite expands 

facilities at Aquadale 

fifth 135-ft kiln 
at Carolina Solite’s Aquadale plant has re- 
This has been the 
third expansion of production facilities at 


Construction of a rotary 


cently been completed. 


Aquadale since the plant began operations in 
1953. 


Sommerschield affiliates 
with Stanley Engineering 
Harold F. 


partner in the architectural engineering firm 


Sommerschield, formerly a 
of Suter and Sommerschield, Chicago, has 
become associated with the Stanley Engineer- 
ing Co., Chicago 


47th National Safety Congress, 
Chicago, October 19-23 


“Safety in the Sixties’’—a forecast of things 
to come in safety in the next 10 years—will 
the the 47th National Safety 
Congress, annual convention of the National 
Safety Council. 


The Congress, the world’s biggest safety 


be theme of 


show, will be held in Chicago, October 19-23 


with the Conrad Hilton 


Hotel. 


headquarters at 


Master Builders names Neuman 
Detroit branch manager 

Jack E. Neuman has been named manager 
of the Detroit branch office for The Master 
Builders Co., according to an announcement 
by Stephen W He fills 
the position Charles 
Lyon who has been named special assistant 


Benedict, president 


recently vacated by 


to the vice-president for marketing 


Holforty establishes 
consulting office 


Clifford W. 


announced 


Mich., 
private 


Rochester, 
entrance 


Holforty, 


has his into 
practice as a consulting engineer in the fields 
of 


planning, land development, traffic analysis, 


structural and civil engineering, site 


and parking lot design. 


LETTER 


Honor Roll 


September 30, 1959 


January | 


Membership in ACI offers a professional exchange 
of ideas, methods, and procedures dealing with 
concrete and concrete construction. It is through this 
exchange that each individual receives an ever 
increasing technical knowledge. To broaden this 
scope of knowledge, get your friends and acquaint- 
ances to join the American Concrete Institute. 


Robert P. Witt 
Samuel! Hobbs 
George B. Southworth 
Alfonso Marin E 

Lovis A. Gottheil 
David A. Saver 
Faraj Tajirian 

Robert F. Adams 
James Chinn 

Newlin D. Morgan, Jr 
Joe W. Kelly 

Charles C. Luther 

H. C. Pfannkuche 
Chas. W. Cole, Jr 
Phil M. Ferguson 
Kenneth M. Huber 

A. T. Klassen 
Francesco Sardella 
Joseph J. Shideler 
Wendell H. Nedderman 
Glenn C. Thomas 
Henry Aaron 

Jose Maria Bravo 


Myron L. Goral 
Mauro N. Guzman 
John E. Heer, Jr 
Gregorio Hernandez 
Horace G. Hill, lil 
Aleck E. Hiscox 
Truman R. Jones, Jr 
Elias Kardaras 
George J. Kerekes 
George E. Large 
Leo M. Legatski 
Frank B. May 

R. C. Postlethwaite 
George N. Scofield 
L. J. Sewell 

Ferruh Taskin 

John P. Thompson 
George Batievsky 
W. S. Cottingham 
Victor M. Gallo 
Jack C. McCoe 
Abel Moreno Przespolewski 
W. E. Moulton 
Gene M. Nordby 
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Precast 
Concrete 
Components 
Lifted and 
Placed with 


Petdlunend 
Lifting 
Inserts 


October 1959 


Precast wall slab being tilted into place by means 
of Richmond Lifting Inserts and Lifting Brackets. 


Certified tests by an independent laboratory assure proper strength rating 
for efficient design and performance in concrete at usable strength 


Richmond has developed and test- 
ed a complete line of Lifting Inserts 
and accessories for handling and 
placing of precast concrete wall 
slabs, columns, beams, girders, 
piles, etc. 

No matter what type of precast 
units are involved, Richmond can 
supply exactly the right type of in- 
sert for the specific job. 

These units are designed with 
adequate extra strength and for 
simple operation in lifting and 
bracing precast concrete compo- 
nents. 


Send for your copy of the Richmond 
Data Book on Lifting Inserts giving 
complete technical data, dimensions, 
working loads and ultimate strengths 
in various strengths of concrete. At the 


same time ask for your copy of the 


latest Richmond 
Handbook show- 
ing the com- 
plete line of 
form tying an- 
chorage and ac- 
cessory devices 
for concrete 
construction 
backed by 47 
years in this 
field. 





Bi\, 


Richmond DATA BOOK 
LIFTING INSERTS 


PRECAST COMCRETE PUES 
COL - THT UP waeis 
PRESTRESSED GOERS & OTHER 
PRECAST AMD PRESTRESSED mem@eRS 














“INSIST ON RICHMOND 


AND BE SURE 
IT’S RICHMOND 


: SCREW ANCHOR CO., 


INC. 


816-838 LIBERTY AVE.. BROOKLYN 8. NV Y 


f 315 SOUTH FOURTH ST 
er 


ST JOSEPH. MI 


AZ ee 





Rafael Enrique Pacheco.... 


Michael Alexander 
W. H. Armstrong 
Ira M. Beattie 
George P. Duecy 
Eberhart Gunther 


Jerome M. Raphael 
Emilio Rosenblueth 
Antonio |. Rosquete 
Felix R. Sarapu 

M. F. A. Siddiqui 
Howard Simpson 
James E. Stanners 
Lewis H. Tuthill 
Victor Achim 

John H. Adams 
Mihran Agbabian 


Richard G. Allen.......... 
Williem C. Alsmeyer...... 


Jay B. Ames 
James E. Amrhein 
Tamnoon Ansusinha 


Dutton Biggs 
J. G. Bodhe 


Ralph 8. Brenan, Jr 
C. F. Brown, Jr 
Theodor H. Busck 
G. M. Butcher 
Wallace J. Carson 


Guillermo Castellanos G.... 


T. J. Cavenagh 
Clinton H. Chalmers 
Solomon Chornik S 


Marvin B. Cohen.......... 


Jose Cosio 


Ralph G. Crimms, Jr... .... 


M. H. Cutler 
Raymond E. Davis 
Roger D. de Cossio 
Jaime de las Casas 
Ray C. Dickerson 
H. J. Dickinson 

O. A. Dresser 


Frederick W. Drury, Jr..... 


Thomas A. Duwelius 
Gene E. Ellis 
B. A. Eskenazi 


Russell S. Fling 
James Lee Ford 
Ray J. Foss 
Joseph J. Fox 
Russell H. Fuller 
F. S. Fulton 
Junius R. Gardner........ 
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Ben C. Gerwick, Jr 
E. J. Gianotti 


Raleigh DeVisme Gipps.... 3 


Elliot A. Haller 


George F. Hammersmith. . . 


Robert B. Harris 
Eric J. Hayford 


Howard H. Hays......... 


Thomas A. Heno 
Elmo C. Higginson 
F. J. Hosgood 
Samuel |. lwata 


Joseph Karni 

Allan A. Kay 

R. Evan Kennedy 
Frank Kerekes 

Cyril C. Keyes 
Narbey Khachaturian 


Frank R. Killinger 


Solomon Kirschen 
Erik Kolle 
William C. Krell 
Felix Kulka 
Robert R. Kuske 
Edward Laing 
Ronald Lazar 
Elmer C. Lee 
Janis Liepins 
Henry Lipkind 
Ciceron Hiedra Lopez 
Russ A. Loveland 


Pedro Lainez Lozada C.... 


George R. McCaulley 
Douglas McHenry 
Keith E. McKee 

Ernst Maag 

M. F. Macnaughton 
Amos R. Mead 


Eduardo Mercado Flores... 


L. Boyd Mercer 
Gustaf Mickos 
Otto H. Monch S 
Aimer F. Moore 
Joseph H. Moore 
William J. Moore 
Gene R. Morris 
Leslie E. Moss 
Fernando Munilla 
Donald H. Olson 
Cenap Oran 
Diego Parra Pardi 
Orris O. Pfutzenreuter 
Ray A. Pinnell, Jr 
Yohanan Priell 
Jack L. Randall 

E. B. Rayburn, Jr 
Thomas J. Reading 
Raymond C. Reese 
Ricardo Rivas-Roman 
Leslie E. Robertson 
Sigmund Roos 
Donald A. Sawyer 


Herbert M. Schwartz 

Burhi M. Scruggs 

Paul Serfass 

Leo G. Shea 

L. Shector 

Jehangir C. Shroff 

Floyd O. Slate 

Robert W. Smith.......... 
Stuart H. Snyder 

Ralph W. Spencer 

Leroy A. Staples 

W.N. Steinmann 

Willard Stevenson 

Oliver F. Stork 

Anthony A. Styner 

T. Tassios 

F. D. Taylor 

Pastor B. Tenchavez.. 

T. W. Thomas 

J. Antonio Thomen 

Sophus Thompson 

Sylvester J. Turley 

Ellis S. Vieser 

Bernardo Villegas........ 
Alan Whitting 

L. T. Willoughby 
Vernon S. Winkel 
Roberto Zepeda Aldana... 
Stanley G. Zynda 
Pedro M. Bassim 
Walter E. Blessey 
Boris Bresler 


Karl T. Decker, Jr 
Arvind K. Desai 
George A. Dinsmore 
Haraldo Duarte Villela.... 
H. H. Edwards 
Ambrosio R. Flores 
D. A. Guntin 

K. Hajnal-Konyi 
John P. Hollings 
Raja A. lliya 

Simon Lamar 


Joachim F. Leppmann 
Leo Liberthson 

Carl F. Long 

Patrick McNally 
Ernest C. Marmet 

R. Maroti 


Howard R. May 

O. H. Millikan 

Juan Papahiu Kaika 
Demetrios A. Polychrone. . . 
Jorge Rodriguez Lebron... . 
Sabri Sami 


Charles Ream Sargent 
Herbert A. Sawyer, Jr 
Robert F. Schoening 
Javier Santolalla Silva 
K. Sitaraman 
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Jeno F. Toppler 
Raul Rios Torres. ... 


Jose R. Perez Valenti 
Richard D. Walker 


J. H. Weaver 
Richard E. Woodring. 
Lev Zetlin 


The Board of Direction approved applications in 
the following catagories: 66 Individual, 17 Junior, 
and 2 Student, making a total of 85 new members. 
Considering losses due to deaths, resignations, 
retirements, and nonpayment of dues, the total 
membership on September 1, 1959 was 9983. 


Individual 


ApRAMOVITZ, Max, New York, N. Y. (H 
Abramovitz) 
ARMSTRONG, ORLAN Ray 
Engrg., Montgomery County 
Auxier, Keitrx, Oklahoma C 
Auxier-Scott Supply Co 
BaDRENA, FrRNANDO, JR 
Badrena y Perez, Inc 
BaLk, Kennetu, University ¢ 
Beam, Terry, H., Tulsa, Okla 


Ohio (¢ 
Office 
Okla 


Dayton 
Eners 
ity 
Hato Rey, P 
itv, Mo 

Bus. Re 


Masons Loca! Union 690 
BEARD 
PCA) 


ArtuurR, Costa Mesa, Calif 


BRANDON, James R. 
Engr., USBR 
Cassipy, Pact G., 
Cico, FRANK 
B. Parkin 
Curr, J. E. Isa, Okla 
Ciovsina, T. 8., Chicago, Il 
Div., M. H. Detrick Co 
Dani, BacnusHat AMBALAI Ahmedabad Ind 
Lecturer in Applied Mechanics, L. D. College of 

Engrg.) 

Devan, R. V. Rantuti 
Engr., Ministry of Irri 
India) 

Evuiis, Harry A 
Harry A. Ellis 

Ernst, Henry P 
Engr.) 

Estenson, Hitman A., Iron River 

FoGarty, JoHN JosePH VINCENT 
Henry J. Kaiser Co 

Freriks, F. G., Pasadena 
berg-Serrell Corp 

Fuenmayor C., E. A., Caracas 

GARNEAU, Hvucues, Tulsa 
Garneau Co 

GvuILBERT, Bernarp N., Beauharnois, ( 
ordinator, St. Lawrence Seaway Auth 

Hanurn, GeorGe B., San Francisco, Calif 
U. 8S. Army Corps of Engrs 

Henze, L. 8., Ottawa, Canada 
Canadian British Engr. Cons 

Hottrom, Harotp Tuomas, Paramou 
Engr., Diversified Bldrs., In 

Hume, JoHN Louisville, Ky 
Arrasmith & Tyler 

JOHNSON, AxeL, Ventura 
Milling Co.) 

KAPUSCINSKI, STANLEY, Hammond 
Detailing Draftsman, Purdue Univ 

Keitu, Grant T., Regina, Canada (Pres 
Engrs., Ltd.) 

LANGERMAN, PETER STUCKERIS 
(Mer., Natal Reg. Office, PCI 

LARON, GEORGE Willoughby Austr 
Draftsman, E. R. Taylor & Assocs 


Denver Colo 


Villa Park Ill. (Contr 


Toronto, Canada (Struct 


socs 


Dept Jol 


Sales Mer., Berylex of Okla 
Gen. Megr., Insulation 


Orissa 


India Asst. I 
zation & Power, Govt 
Hamilton, Canada (Constr 
Hinsdale, Ill. (¢ 


ERNST 


Wis 


(hana 


Arcl 
Africa 


Calif. (Proj. Engr 


Venezuela (( 
Okla Pres 
anada (Co 


Major 


Mer 


itan‘s 


Ottawa Office 


Calif outl 


Ind 


Durban 
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Ernest, Bayshore, N. ¥ 

Fisher-Malik, Ine 
JoserH ALFRED 

Proj Supv 


LEEGER, 5S Constr. Co- 
ordinator 
L'EsPERANCE 
Canada 

Ltd 


Rocer, Camp Val 

cartier Defence Constr 

1951) 

Li, Sten Yrx, Philadelphia, Pa 
Yule, Sticklen, Jordan & McNee. Engrs.) 

Mavtpvonapo P., Bevisario, Santiago de Chile 

of Cement Factories, Melon-Juan 


Struct. Designer 
Tech 
Soldado 

J Sa ‘alif Mer 


cramento, ( Area 


Henrique Carios, Tokyo, Japan (Civil & 
Mining Engr., Escritorio Tecnico Mayall 
Meap, Frank Hittson, St. Albans, England 
Engr., Oscar Faber & Partners 
Nay.or, Joun, Quito. Ecuador 
i. J. Tipton j 


Asst. Resident Engr 
Associated 
Georce A., Washington, D. C 
Veterans Admin 
Tokyo, Japan (Chf 
Ltd 
Barrang 


search Sect 
Oxura, YASUTARO 
Matsui Constr. Co 
ZaLto Gomez 
v. del Atlantico 
Yutaka, Tokyo 
tesearch Inst., Tokyo Univ 
PoLiaRA, Rowerrt, Port iis 
Potrrer. M. E., Marae 
Superior Oil Co 
Rinco, Boyp ( East 
Civil Engr., Mich. Univ 
Riverot, Domingo Armas, Habana, Cubs I 
Horm Estructal Prefabricado 8S. A 
oss Javip ALLEN, Seattle, Wasl 
Worthington, Skilling, Helle & Jackson 
SANTAMARIA, Ratpu M., Portsmouth, Va. (Stru 
search Engr., & Physicist, Norfolk Naval Sh 
SanTIAGO, Miavuet, College Station, Tex 
SCHWA FRANCIS ( In Mexico [D. I 
Resident Eng: Hector Mestre Manuel 
Colina Arquitectcs 
SiLBbeER, Enrique, Caracas 
trial Dept., Maguinar 
SIMONSSON, LENNAR tockholm 
Chf., Statens Provningsanst 
IvaAN RayYMON artford, ¢ 
van, A. J. Macchi rr 
Tuomas B., Sao 
Austin 
Frank I 
U. S. Corps of 


tila, Colombia (¢ 


Asst 


Earthquake 
> 
N. ¥ 


Mason Contr 
Venezuela 7 & 


Dist. ( 
Mich Asst 


Lansing Prof 


State 


yon 
t Asst. Engr 
Re 


pyard 


Mexico 
de la 


Venezuela Mer Indus 


Sweden Dir. in 


SKOGLUNI ‘onn Design 
Engr 
pania 
SZYMORSK 
Engr 
TAYLOR 
Islands (Su; of 


Mass Struct 


CHARLES ortola, British Virgin 
t Wks., P. W. D 
Santa Maria, Calif 
uling Cx 
LAZZAQUE Kare Pakistan 
Mexice 


Secretaria 


Mexico 
ser De Recursos 
Hidra 
VeNnN-Brown 
ons 4 
Warp, Wits 
Engr 
WEAVER 
Engr 


Wry 
Hy« 


th Sydney Australia Tech 
Compounds Pty Ltd 

Tex. (Supv. Designing 

Struct. Design 

Montagu 
ark, W. J 


» Studies 


Betts Co 
West Vancouver 
yd Planning Di B. ¢ 
Woop, Artuur G., Denver, Colo 
Engr., Great Western Aggregates 
W REDEN! Water, Stockholn 
Skanska Cement AB 


Canada (Chf 

Energ., Ltd 
Sales & Service 
In 
Sweden 


ORS Director 


Student 


verRIA, Oscar, Diaz, Guatemala, Guatemala 
of San Carlos 
Witiiam L., Detroit, Mich. (Wayne 


State 


Junior 


toy, Atlanta, Ga. (Engrg. Design 
Constr. Corp.) 

AnceL Castitio (C. E 

Woodside, L. I., N. Y. (Designer 
Hewitt & Robins, Inc 
Estenav Luts, Rio Piedras, P. R. (Engr 
Prestressed Beams Corp.) 

(SSADOUR Amman, Jordan Jr 
Development Bd., Kingdom of Jordan 


ANDERSEN, JAMES 
P & H Engrg. & 
3ARAJAS, MANUEL 
CaMINO, RICHARD 
Robins Engineer's Div 
F UERTES 
Pacadar 
HADJIAN 
Engr 


Design 
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ADEQUATE 


AVAILABLE 


for ULTIMATE STRENGTH DESIGN 
RAIL STEEL BARS ‘concrete 


ASTM A-16-59T 


Type “SPECIAL GRADE” 
provides a minimum 


guaranteed Yield Point 


of 60,000 psi 


the maximum usable in 
ULTIMATE STRENGTH DESIGN 
under present ACI 


Code limitations 


RAIL STEEL BAR ASSOCIATION 


38 S. Dearborn Chicago 3, Ill. 
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Hampton, Deron, West Lafayette, Ind. (Research 
Asst., School of Civil Engrg., Purdue Univ 
Henson B., Antonio A., Ciudad Trujillo, Dom. Rep 
Cubications & Insp. Engr., Seccion de Estudios De 
C Anales T Construcciones) 
LEHMANN, Oscar M., Brooklyn 
The Preload Co., Ine 
Massey, Joun A., Jr., New 
Engr., Lev Zetlin, Cons. Engr 
Moveton, GeraLp P., Laramie 
Bridge Div., Union Pacific R. R 
Pavutson, Jerome I., St. Paul, Minn 
man, George Lloyd Levin Engrs 
Paynter, Rovert Lirrett, Neenah, Wis. (Designer 
Frank C. Shattuck, M. F. Siewert & Assocs 
Porter, Huan J., Clearbrook, Canada (Resident 
Engr., Walker & Webber, Cons. Civil Engrs 
Roprievez, Borrvar Garcia, Cidra, P. R 
Gobierno de Puerto Rico 
Setm, Samir Movsrtara, Salt 
Designer, P. M. Engr.) 
SHenoy, Damopar 8., Fort Bombay 
Killick Nixon & Co. Private Ltd 
Stater, Joserpn L., Atlanta, Ga. (Struct. Draftsman 
Chastain & Tindel, Ine 


ae 


Design Engr 
York, N. Y Struct. 
Wyo Asst 


Engr 


Design Drafts 


Engr 
Lake City Utah 


India (C. E. 


MODEL FT 20 


JOBSITE 
CONCRETE TESTER 


FOR: CYLINDERS, CORES, 
BLOCKS, BEAMS, CUBES, 
BRICK AND DRAIN TILE 
FORNEY’S INC. 
TESTER DIVISION 
BOX 310, NEW CASTLE, 
PA., U.S.A. 
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Tools, Materials, Services 





Under this heading note is made of producer litera- 
ture and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Octagonal steel forms for intake structure 
An octagonal-shaped unit will be used to concrete an 


intake trash rack structure at Trinity Dam in northern 


California. It marks the first time steel forms have 
been designed and fabricated for this application 

The forms were made to close tolerances to receive 
structural gates, and to provide an extremely smootl 
vertical sections 


concrete finish. Each of the eight 


for forming 3 ft thick piers—-is 44% ft high while the 
3 ft thick beam forms between piers are 9 ft long 

The intake structure—approximately 120 ft high 
will carry water to a 28 ft diameter diversion tunnel 


Blaw-Knox Co., 300 Sixth Ave., Pittsburgh, Pa 


Fiberboard form void 

Jay-void, a wax and asphalt fiberboard form for 
beam and slab construction on grade, is offered by 
the Lawrence Paper Co The void is designed to 
take the place of sand, gravel, and other common fill 
materials according to the manufacturer Jay-voids 
according to a company spokesman, insure eé1 


in. void, depending on the demands of the 


job.—The Lawrence Paper Co., Lawrence, 


Agitator truck 

The S & M Manufacturing Co. announce the manu 
facture of a 6% cu yd agitator truck for transportation 
of centrally mixed concrete. The company has manu 
factured a 4 cu yd model since 1955 
The Agitor is all hydraulic powered requiring no 


separate engine. Power pump is driven by a standard 
truck transmission power take off or the 8S & M Front 
Power Take-Off is available at additional cost. Hy- 
draulic power turns the agitator, hoists the body, con 
trols the gate, and raises or lowers the chutes Will 
handle high or low slump concrete with discharge 
to a 1 yard per 10 sec according to manu- 
Literature The Agitor Division, S 


2901 West Mill Road, Milwaukee 9 


speeds up 
facturer available 
& M Mfg. Co., Inc., 


Wis 
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CONCRETE TRACTOR 


NO OTHER DEVICE EVER DEVELOPED 
FOR THE PREPARATION OF POURED 
CONCRETE SLABS COULD EVER MAKE 


“These Proven Claims... 


@ TRACTORING FLOATS MEDIUM AGGREGATE 
Speeds preparation time where stiff slumps are 
poured, for top quality concrete. 


TRACTORING MAKES “PASTE” SURFACE . . FAST 
Longer contact with mix keeps coarse aggregate 
down until “fines” rise around and above. 


TRACTORING ENDS WADING IN THE MIX 
Because you ‘tamp” a large area with an easy push- 
pull motion, jitterbugging goes many times faster. 


TRACTORING “LIBERATES” ONE MAN 
Since it’s so easy to use, you can use your jitterbug 
man for many other jobs besides tamping. 


TRACTORING MAKES NEW TEXTURES POSSIBLE 
New textures and new traction surfaces available 
without costly preparation. 


CRAWLING JITTERBUG © 


CONCRETE TRACTOR MEANS BETTER CONCRETE . 
IN LESS TIME AT LOWER COST! 


Precision engineered and fully job-proven, the Crawling Jitterbug 
Concrete Tractor consists of 46 parallel steel rods, each 35” 
across, operated by gear-driven sprocket chain. Easily operated 
by one unskilled man, without fluctuation in performance caused 
by fatigue! Completely assembled, with 12-foot sectional handle, 
ready to use on the job. Complete, $115.00, FOB Factory in 
Kansas City. Or write for FREE descriptive booklet on this sensa- 
tional new machine! 





Sy . 

Close-up photo of Tractored surface 
shows how concrete Tractor’s parallel 
bors press straight down into mix 
allowing medium and fine particles to 
rise around them. No other method 
leaves surface prepared as shown in 
this photo! 


Sawed cross-section of ordinary slab 
which wos not Tractored shows how 
the coarse aggregote lies too close to 
finished surface — ready to peel and 
spall. Ordinary preparation methods do 
not let fine and medium particles rise 
around and above coarse aggregate 
Over-working of mix may depress coarse 
material too far and weaken slab. 


Sowed cross-section of Tractored slab 
shows even distribution of coorse ag- 
gregate. Coarse material is held just 
below surface, to permit rise of perfect 
paste. But distribution is even, without 
settling of coarse material to bottom 
of mix, which would alter monolithic 
structure of finished concrete. 


FREE Booklet describes new method completely—provides facts 
and specs on this great machine! Write for your copy, today! 


TOOL COMPANY 1922 Walnut Street 


Kansas City 41, Missouri 
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LONG SPAN 
VOIDED CONCRETE SLABS 


FORM BRIDGE DECK 


Voids formed with 


SONOCO 


® 


FIBRE TUBES 


reduce slab weight 


The voided system of concrete construc- 
tion permits the design of long span, 
lighter weight slabs without impairing 
structural strength. 


In the highway bridge illustrated, end 
spans are 46 feet, and the center spans 
56 feet; Sonovoip Fibre Tubes, 15.7” 
O.D., were used to form voids in the 
24%” thick deck slab. By displacing low- 
working concrete at the neutral axis, 
SonovoipD Fibre Tubes reduce weight in 


HARTSVILLE, S. C. 
LA PUENTE, CALIF 
FREMONT, CALIF 
MONTCLAIR, N. J 
AKRON, INDIANA 
LONGVIEW, TEXAS 
ATLANTA, GA. 
BRANTFORD, ONT. 
MEXICO, D.F. 





New Highway 67 
Bridge, Flat River, Mo. 


Contractor: 
Clark Construction Co. 


Engineers: Missouri 

Highway Department; 
John Williams, Bridge 
Engineer, Jim Pasley, 
Ass't Bridge Engineer. 


concrete construction, and save concrete 
and reinforcing steel. 


To speed construction, and for further 
economy, Seamless SonoTuBE Fibre 
Forms were also used on this job . 
those of 24” 1.D. formed round concrete 
columns for the abutments and others of 
30” 1.D. formed the columns in each 
bent. 


Sonoco Sonovoip Fibre Tubes are speci- 
fically designed for use in concrete floor 
and roof slabs, bridge decks, lift slabs, 
and precast, prestressed concrete piles. 


Order Sonovoip Fibre Tubes in required 
lengths or standard 18’ shipping lengths 

. sizes from 2.25” to 36.9” O.D. (can 
be sawed). End closures available. 


See our catalog in Sweet's 
For complete information and prices, write 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY 
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NEWS LETTER 


300-ton portable batching plant by one 
Fairbatch, a 300-ton portable batching plant ucts Division, Reeves Brothers, Inc., 1 

now offered in aggregate or combined aggregate Americas, New York, N. Y 

cement types by the Fairfield Engineering Co 

arrangements from 2 to & compartments are available Lightweight cement hopper 

Smaller plants are available down to 100-ton 

Paul Wolfert, Standard Producis Division, The Fairfield Fruehauf recently introduced the 


Na 


Engineering Co., Marion, 


man, and is steam tight vu 


21 


lcan Rubber Prod 


71 Avenue of the 


ir newly designed 


c cement hopper emphasizing weight reduction along 


with larger capacit Standard units are 510 ecu ft 


Curing curtains 
Coverlight, neoprene-coated nylk fabric 
used for concrete curing curtains 
By switching from sheet-metal covers and boxes t« 
fabric, Standard Precast Products Co. of Central 
L. I., N. Y., reports savings on labor, storage 


keep, and replacement cost rhe curtain can be handled 





STATEMENT R } rH ACT OF 
AUGUST 24, 1912 ’ D BY THE ACTS 
OF MARCH 3, 1933 N 2, 1946 (Title 3 
United States Code, Sec 3) SHOWING THI 
OWNERSHIP, MANA‘ AND CIRCULA : 
rion O} needed 
JOURNAL OF THE AMERICAN NCRETE IN&T 


published twelve issues a yea 


u 


butterfly 


September 1959 
l The names and addresses of 
managing editor, and busine mana 
Publisher, American Coner ; 
Seven Mile Rd., Detro i Harper Ave 
William 
Detroi 
aging edito ber ile Coating materia! for forms 
ven Mile Rd., Detroi é 


isiness man 


to Frneha 


2. Th owner 18 u 


nar and address mu ated d als« diately placed concrete ; ie laminae anal 
there “r the ne anc r 7 stockholders 
owning or holding 1 percen no f total amount 
of stock If not owned by p tion, the names é rding 
and addresses of the ind dual ov rs must t ive No 
If owned by a partnership r t r uninco 
firm, its name and address, : 4 as that 
individual member, must b« 
American Concrete " 22400 W 
Mile Rd., Detroit I 
Ferguson 
Austin, Tex 
Kelly ie 
ornia, Berkeley 
H. Tuthill 
State Department 
Sacramento, Calif Portable moisture meter 
The known bondholders, mortgag ‘ ! Exact m« 
rity holders owning h I 
amount of bonds, morte 
are none, 80 stat ortable moi ire t ) 
NONI 
Paragraphs 2 and 3 inecluc ases where 


stockholder or security holder ap} ipon the 


of the company as trustee or any other h ri 


relation, the name of the person or corpor ym f 

whom such stee is acting; also the statements in the 
two paragr is show the affiant’s full knowledge and 
belief ¢ circumstances and conditions under 


which stockholders and security he who do not Automatic batching control package 


ching ¢ 


appear upon the books of the comy rustees The E/E Automa Bat 
hold stock and sec sina ty other he 
a bona fide owner 
5. The average, number of copix " i " ing plants a low cost ‘push-button 


cement and aggr is designed to 
] 

publication sold or distributed, through the mails or to Engineered Equipment, Inc 

otherwise, to paid subscribers during the 12 months Standardized ny t t 

preceding the date shown above ws rhis information ee a oe 

is required from daily, weekly iweekly, and tri batching tion D we 

weekly newspapers only afford 


WILLIAM A. MAPLES 


Sivna re of ed 


accuracy ont 
? Package inclu initized jogging 

Sworn to and subscribed before me this 24th day of initized jogging clam shell g 
September, 1959 


P control system, sensing device, and 
JESSIE F. ALTENBERNT 


SEAI Sold with without factory sur 


| 
My com mission expires Mar. 11, 1960 Engineered Equipment, Inc., Waterloo 


Nox-Crete fort ) g is said t« 


concrete mix to prevent bonding between the 


» react chemically 


aces of forms and 


} 


is essentially eliminated 


rayed, swabbed 
reezing. It is 
concrete forms 
and metal. It 
s a bond breaker 


ndustrial Lubri 


or any bulk 
i “ally by a 
rding to C & W 
s oa the dial when 
to the meter 


1490 


mtrol Package for 

new or exist 
system according 
adapted to fit any 


provided to 


batching cycle 


noid control \ 
connecting win 
sed installation 


, lowa 
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LES 
CLINTON WELDED 
WIRE FABRIC 


« concrete 
- cfryctures built To last 




















On construction sites across the country, 
you'll see CF«I-Clinton Welded Wire Fabric. 
Engineers specify its use because the steel 
fabric adds the strength of steel to the 
durability of concrete. 

Contractors rely on CF&I-Clinton Welded 
Wire Fabric to distribute shrinkage stresses 
evenly to prevent cracking while concrete 
is setting. It also reduces warping and 
heaving caused by extreme temperature 
changes. Should a small crack develop, the 
steel fabric holds it together so that dirt 
or moisture cannot expand it. 

Made to A.S.T.M. specifications, CF«I- 
Clinton Welded Wire Fabric is available in 
a wide range of gages and mesh sizes. Use 
it on your next job. The nominal cost is 
repaid many times in reduced maintenance 
and increased life of the concrete structure. 
Contact our nearby sales office for complete 
information. 


FREE! Send for new 32-page catalog, 
“CF&I Steel Products for the Construction Industry”. 


CLINTON 


WELDED WIRE FABRIC 

THE COLORADO FUEL AND IRON CORPORATION STEELS 
In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque - Amarillo - Billings - Boise - Butte 
Denver - El Paso « Ft. Worth - Houston - Kansas City - Lincoln - Los Angeles - Oakland - OklahomaCity « Phoenix 

Portland - Pueblo - Salt LakeCity - SanFrancisco - San Leandro - Seattle - Spokane « Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta - Boston - Buffalo - Chicago - Detroit - New Orleans 
New York + Philadelphia 
CF&1I OFFICE IN CANADA: Montreal 

6757 CANADIAN REPRESENTATIVES AT: Calgary - Edmonton - Vancouver - Winnipeg 
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crete grinder, has been 


by I 


Development Co 


juipment 


Manufacturer 


states the 
init is light enough for two 


men to carry Two large 


full floating neopren¢ 


mounted discs, counter ro 
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Ready-to-use protective emulsion 


Seaboard Formula 366, a ready-to-use emulsion for 


sealing and preserving asphalt, concrete, and macadam 


surfaces, is now being manufactured by Seaboard 


Plastics Corp 
Formula 36 


Company states that inaffected by 


It requires no heat 


oils, gasoline, solvents, or weather 





LOOKING AHEAD 


Jan. 25-29, 1960—Stress Measure- 
ment Symposium, Arizona State 
University, Tempe, Ariz 


Feb. 1-5, 1960—Committee Week, 
American Society for Testing Ma- 
terials, Hotel Sherman, Chicago, 
Hh 


Feb. 15-19, 1960—Annual Con- 
vention and Exposition, National 
Sand and Gravel Association, 
Conrad Hilton Hotel and Colli- 
seum, Chicago, III 


Feb. 99-94, 1960—Annual Con- 
vention and Exposition, National 
Crushed Stone Association, Con- 
rad Hilton Hotel, Chicago, Ill 


Mar. 14-17, 1960—56th Annual 
Meeting, American Concrete In- 
stitute, Commodore Hotel, New 


York, N.Y. 
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soft floor brush ,ea board 


Plastics Corp., Irvington, N. J 





Literature Available 

Pertinent details on the latest equipment and 
products on the market are available in recently 
released literature. Exact titles of the booklets 
and catalogs are indicated in capital letters. They 
may be requested directly from the manufacturers 
listed below. 
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NEWS LETTER 


GUIDE TO CORRECT CYLINDER ( 
RM-48 Wall 
concrete cylinder casting procedures including selection 
of molds; 


ASTING 


chart type guide showing approved 


correct sample taking; and filling, handling, 


and curing of cylinders. Suitable for posting at job 


sites where testing is performed The Master Builders 


Co., Cleveland 3, Ohio 
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f materials 
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handling equipment parts handling 
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seals, paper joggers and portable power tools 


shaft 
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specifications on all Syntron products gives 
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PRE-BILT SECTION BELT 
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LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 


FOR yan aa CONSTRUCTION! 
} \ \\ \\ 


, 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- 
crete joints for years! 


¢ Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 
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easy to cut and splice on location (pre- 
fabricated fittings available). 
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effectively with Water Seals’ Waterstops! 

“See Us in SWEET’S” 
New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 
4. E. Goodman Sales, Ltd. 
Toronto, Ontario 
T water SEALS, INC. DEPT. 5 
9 S. Clinton Street 
Chicago 6, Illinois 
Please send free sample and descriptive 
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This is to Certify that 
John Smith 


(sa 
Member 
of this institute and fully entitled to the frrivileges 
granted by (ls Charter and Bylaws 


- Spenetary--Feoasuver 
ZLate of membership: July 4, 1952 








Above is shown the membership certificate now available to all interested 
members. (Student members become eligible for certificates when they ad- 
vance to one of the higher membership grades.) The actual certificate is 
10 x 12 in. on parchment paper suitable for framing. 

Return this order form together with your remittance—to avoid the added 
expense of billing—and your certificate will be mailed to you. Please allow 
90 days for preparation of the certificate. 


Please accept my order for a membership certificate at the price of $3.00. 
[] Cheek [] M.O. Enclosed 


My name is to appear exactly as follows: 





(Print or type 


Ee TL ee 





NEWS LETTER 


Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing these 
forms to the attention of those who may profit from membership advantages. 
All who have an interest in concrete are eligible for membership. The grades 
of membership are described below. 


Members have at hand in Institute publications the most complete fund 
of knowledge on concrete. The ACI JourNAL provides them with the latest 
information and ACI special publications provide them with the complete 
picture of specific problems. Through conventions, and regional and area 
meetings, they are afforded the opportunity of meeting those whose experiences 
provide the new information, and of exchanging ideas with them. 

ACI’s world-wide membership is growing in extent and participation— 
traveling a common road toward better, more economical and durable con- 
crete structures. ACI provides a common ground in the search for and use of 
new ‘‘working tools’ in concrete design, manufacture, and erection—and its 
interpretation. 

Individual Members (¢,S;ci"Amoncs cand Wea Indies”) $20.00 
Individual Members (Alli other foreign countries) 16.00 
Corporation Members 65.00 
Contributing Members 135.00 


Junior Members—nonvoting (under 28) 10.00 
Student Members—nonvoting (under 28) 5.00 


(cut here) 


Board of Direction, American Concrete Institute Date 
P. O. Box 4754, Redford Station 
Detroit 19, Michigan 


The undersiqned hereby applve s for admission to the American Concrete Institute as Individual 
Corporation Contributing Junior Student Member and aaqrees to be governed by the 
Charter and Bylaws. 


Name and complete mail address of proposed membership (Address to which Journal is to be 


mailed—please letter 


For Corporation Membership, ACI representative will be 
Date of Birth (Juniors and Students only) 


College or University attending (Students only 


Date of graduation Proposed by 


Signature_ 


For our records, please complete both sides of application. 
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NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the classifi- 
cation form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engineer, 
inspector, plant superintendent, highway engineer. The occupation of the 
applicant should be that which is most frequently performed. The principal 
responsibility of the applicant is that specific area of his job for which he is 
primarily concerned. 


Classification is not based on what interests you, but on what you do—what 
office or job you fill. When completing the form below, please check the one 
item in each section that is most applicable to that particular section. 


ACI editors want to know your interests—they welcome suggestions as to 


what you'd like to see discussed in the ACI JourNat and of the possible 
sources. Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


JOB TITLE 


OCCUPATION (Check the one most applicable 
} Arch Engr Construction Supervison Plant Management or Super- 
vision Teaching Student Other (please state 


EMPLOYER 
Architect Contractor Consulting Engr Engr Firm Manufae 

turer or Producer specily product 

Government Fed State County City Educational Institution 
Commercial Testing Laboratory Public Utility Trade Assn Library 
Other (please state 


PRINCIPAL RESPONSIBILITY (Check the one most applicable 
Design Construction Consulting Purchasing 

vertising Research Administrative (state position 
Other ( please state 


Do you Specify Authorize tecommend, purchase of materials or 
equipment? 


The ACI Membership Directory will be sent—as available—only on request. 
Check here if you wish to receive the latest edition. 





NEWS LETTER 


"Got A Load On Your Mind? | Haven't” 











Nothing gives employees a more luxuri- 
ous, satisfied feeling than that of finan- 
cial security. And nothing is easier for 
them to achieve when you provide the 
convenience of automatic Payroll Sav- 
ings Plan. 


EVERYBODY BENEFITS 


Security breeds confidence—and confi- 
dence stimulates job interest and re- 
sults in steadier people who are far 
more efficient in their work. Receiving 
those crisp Bonds at regular intervals 
along with their paycheck is an added 
inducement for employees to stay on 
the job. 

Moreover, when you install the Pay- 
roll Savings Plan in your company, you 





= 
i,’ 











promote not only the security of your 
personnel but the security of your com- 
pany and your country. Over forty mil- 
lion Americans already have over 40 
billion dollars invested in United States 


Savings Bonds—a tremendous backlog 
of purchasing power for the future. 


EASY TO INSTALL 


If your company does not now have a 
Payroll Savings Plan, or if employee 
participation is less than 50%, a letter 
to: Savings Bonds Division, U.S. Treas- 
ury Department, Washington, D.C., 
will bring prompt assistance from your 
State Director. He will provide applica- 
tion cards, promotional material, and 
as much personal help as you need. 
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155 Reasons Why... 


What is the purpose of air entrain- 
ment in concrete? 





How do the requirements of placing affect the 
proportions of aggregates and cements? 


. the ACI CONCRETE PRIMER should be your guide 


to better concrete. The PRIMER develops in simple terms the 
principles governing concrete mixtures and presents a handy ref- 
erence text for those who apply these principles to the production 
of permanent structures in concrete. Expanded to 72 pages— 
155 answers—the new pocket-size edition of the CONCRETE 
PRIMER brings developments of the past three decades into 
the question-and-answer format of this long-popular handbook. 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


American Concrete Institute, P.O. Box 4754, Redford Station, Detroit 19, Michigan 


Please send copies of the 1958 edition of the ACI Concrete Primer. 
($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for__._____ amount 


Noame........ 


ne 














NEWS LETTER 


The handbook of... 


Reinforced Concrete Design 
$3.50 . $2.00 


(Nonmembers) (ACI Members) 


Whether you are an established designer or a student learning the fundamentals, the Reinforced Concrete 
Design Handbook takes the chore out of designing problems. Examples have been reworked on the basis 
of latest codes and to reflect allowable stresses in new-style deformed bars and higher strength concretes. 
Reduce design time by using the numerous tables and diagrams provided in the R/C Design Handbook— 
an ACI “best seller” published cooperatively by American Concrete Institute, Portland Cement Association, 
Concrete Reinforcing Steel Institute, and Rail Steel Bar Association. 


41 examples 40 tables and diagrams 


Design of flexural members Coefficients (K,k, j, p) of rectangular sections 
Investigation of flexural members Resisting moments 

Design of stirrups Minimum web depths, spacing of stirrups 
Columns—concentrically loaded Coefficients (c) for compressive reinforce- 
Columns—eccentrically loaded ments for rectangular and T-sections 
Design of squore spread footings Spiral columns—size and pitch of spirals 
Design of pile footings Moments in beams with fixed ends 


... and many others 


American Concrete Institute 
P.O. Box 4754, Redford Station 
Detroit 19, Michigan 


GENTLEMEN: Please send me...................... copies of 
“Reinforced Concrete Design Handbook’’ 


Enclosed find $... in payment 


Name 


Address 
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ALPHABETICAL LIST OF ADVERTISERS 


(Page Numbers refer to News Letter) 


American-Marietta Company, Concrete Products Division 

American Steel & Wire Division, United States Steel 

Colorado Fuel and Iron Corporation, National Division—Wire Fabric. ....... 
Dewey & Almy Chemical Division, W. R. Grace & Company 

Forney’s Inc., Tester Division 

Goldblatt Tool Company 

Jackson & Moreland, Inc 

Lehigh Portland Cement Company 

Marathon, Division of American Can Company 

Master Builders Company, The; Division of American-Marietta Co 

Rail Steel Bar Association 

Richmond Screw Anchor Co., Inc 

Sika Chemical Corporation 

Soiltest, Inc 

Solvay Process Division, Allied Chemical 

Sonoco Products Company 

Water Seals, Inc 

The Institute assumes no responsibility for the claims of advertisers. The ad- 


vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public's ultimate measure of his exercise of that responsibility. 














NOTICE — Change of Address — NOTICE 


To avert any delay in receiving my ACI JourNat, | wish to give notice of a change 
in my mailing address. (PLEASE PRINT) 


1 New Address: 
NAME___ 


STREET & NO._ 
_  —— —— __ZONE___STATE__ 





i Old Address: 
ee 6. oO 


CITY __ZONE STATE 


























Pocketsize Guide 





to a Big Job... 


ACI MANUAL of 
CONCRETE INSPECTION © 


Fourth Edition 
Committee 611, Inspection of Concrete 


A comprehensive handbook with both the “why” and “how” 
of inspection, in convenient durable form. 


From concrete fundamentals to the latest developments in con- 
struction, the manual covers problems and techniques in concrete 
inspection clearly and completely. Written and bound for use at 
the construction site as wel] as the laboratory and design office, 
the manual is a key tool for the concrete inspector and a valuable 
aid to anyone responsible for workmanship in concrete, 


€RI (Price $3.50—ACI Members $1.75) 
Cc 

aw 

CONCRETE P UBLICA I IONS 














“ 
Oy P.O. Box 4754, Redford Station Detroit 19, Mich. 














1959 REGIONAL MEETING—MEXICO CITY—NOVEMBER 2-5 


THIS MONTH 


Papers and Reports 273-338 


56-19 Ultimate Loads and Deflections from Limit Design of Con- 
tinuous Structural Concrete 


G. C. ERNST and A. R. RIVELAND 


56-20 Problems and Performance of Precast Concrete Wall Panels 


VICTOR F. LEABU 


56-21 Effect of Admixtures on Electrolytic Corrosion of Steel Bars 
in Reinforced Concrete 
YASUO KONDO, AKIHIKO TAKEDA, and 
SETSUJI HIDESHIMA 299 


56-22 Comparison of Measured and Calculated Stiffnesses for 
Beams Reinforced in Tension Only. .....BILL G. EPPES 313 


56-23 Rheological Behavior of Hardened Cement Paste Under 
CN 5 6 Je Silene a vdadseees SOUS J. GLUCKLICH 327 


Concrete Briefs 339-340 
Current Reviews 341-360 
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